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EDITORIALS

COOPERATION AMONG CHEMISTS AND MANUFACTURERS

Men in a calling which has so m any ramifications as 
has chem istry in its various applications to all modern 
activities, m ust cooperate if the profession, as a whole, 
is to advance sym m etrically and uniformly.

Before such cooperation can be effective, mutual 
understanding between the profession and the m an
ufacturer m ust be achieved. It  is true that m any of 
the chem ical manufacturers still follow the old rule of 
thum b methods w ithout themselves having an y notion 
of the underlying principles which are unchangeable 
and inexorable. These manufacturers must be brought 
to see the actual existence of such principles and to 
realize th at an understanding, as well as strict com pli
ance therewith, is necessary for the attaining of th at 
measure of success which is necessary in order to main
tain  uniform quality  and maximum output of finished 
product.

The organizers of the Eighth International Congress 
of Applied Chemistry, which recently met in New Y ork, 
endeavored to bring about some such m utual under
standing between the manufacturers on the one hand, 
and the educators and those who practice chem istry 
as a profession on the other. To this end more than 
tw o hundred chambers of commerce and eight thou
sand m anufacturers in the United States, as well as 
over tw o hundred and fifty  educational institutions 
were appealed to in special bulletin setting forth the 
points in which cooperation between these three rep
resentative divisions would be valuable and helpful. 
The commercial side, as represented b y  the chambers 
of commerce and manufacturers, was informed, in 
effect, that our educational institutions felt th at the 
com plaints, so frequently made b y  those engaged in 
commercial pursuits, of the lack of intellectual equip
ment possessed b y  young chemical graduates, were due 
in a large measure to the policy of secretiveness fol
lowed b y  our chemical manufacturers. T hey were ap
pealed to to break down this policy of secrecy and to 
cooperate w ith our educational institutions, so that 
the record of The Eighth International Congress, as 
reported in its proceedings, would disclose to our 
foreign visitors a hearty cooperation between the edu
cational and m anufacturing institutions of pin; country. 
On the other hand, the d uty of cooperation w ith the 
m anufacturer was urged upon the educational insti
tutions.

The results have shown that neither the m anufac
turers nor the educators responded to the suggestions 
of the organizers of the Congress. This is to be re
gretted, for it is not likely th at such another oppor
tu n ity  will be offered in this country for fifty  years or 
more. However, the seed has been sown; the idea 
and its need still exist. L et us all work together to 
the end th at it m ay not be very  m any years before 
such cooperation will become an accomplished fact.

The Am erican Chemical Society, with its member
ship of more than six thousand, represents to-day the

greatest, the strongest, the most active, and the most 
virile association of chemists in the world. I t . is 
through the members of the Am erican Chemical 
Society, associated as th ey are in fo rty  or more sec
tional units, th at such cooperation seems most likely 
to be finally accomplished.

In New Y o rk  City, the chem ist who is to be appointed 
to the Municipal Board on Com bustibles and Ex
plosives is selected b y  the M ayor from  among three 
names subm itted to him for th at purpose b y  the New 
Y o rk  Section of the Am erican Chemical Society. Ef
forts are now being made to obtain sim ilar coopera
tion in other departm ents of the C ity  of New York 
government. Chemists have cooperated in the pur
chasing bureau of the city, and in less than three 
years the savings effected b y  them  run into tens of 
thousands of dollars annually.

Similar efforts a t municipal cooperation are like
wise successful in Boston and Philadelphia. These 
facts brought to your attention now m ay act as a seed- 
crystal around which your own efforts m ay crystallize.

The efforts made b y  those in charge of the Eighth 
International Congress of Applied Chem istry, and the 
New Y o rk  Section of the Am erican Chemical Society, 
show th at m aking converts to the cause of cordial 
cooperation is a slow and laborious proceeding, par
ticularly in chemistry, because, while the work of the 
chemist is fundamental and essential, th at fundamental 
and essential character is not alw ays obvious to the 
lay  mind. T hat is the reason why, in m aking converts, 
you will meet with very  meager and slow results at the 
start. W hile it m ay take you years to get the Govern
ment and the manufacturers to w ork w ith the chemist, 
the value of the result should spur you  on to greater 
effort rather than cause you to lose heart.

Probably the broadest opportunity to raise the stand
ard of the chemical profession in the U nited States, 
to bring about better understanding between manu
facturers on the one hand and the chem ists on the 
other, to promote acquaintance, personal, social, and 
otherwise among those who practice chem ical pur
suits, is in an institution like the Chemists ’ Club of New 
Y o rk  City. W hile this club is located in New York 
City, it is not alone for the chemists of New York, but 
it is devoted to the interests of the chem ical profession 
of the entire United States. It  knows no state, no 
sectional boundary. Its field ranges over the entire 
domain of chem istry; those w ith  whom it seeks to co
operate and those whom it seeks to benefit, are those 
of us who teach, practice, or apply chem istry any
where in the United States. The Chem ists’ Club is 
organized on the broadest lines conceivable.

Y o u  ask what the Chem ists’ Club can do for those 
in the south and west. A  chem ist residing at a dis
tance greater than tw enty-five miles from the Build
ing in New Y o rk  City, and not regularly doing business 
in the city, is entitled to non-resident membership f°r 
$10.00 per year. Now w hat do non-resident mem
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bers get for that $10.00? The Chem ists’ Club has its 
home in the Chem ists’ Building, which is the only 
building in the world erected for the particular and pe
culiar benefit of the chem ical profession. I t  has lab 
oratories from the top floor down to the sixth ; it has 
two floors of sleeping rooms; it has a good restaurant 
and a good social room ; it has a good library. A  non
resident member coming to N ew Y o rk  can put up at 
the Chemists’ Club as he would a t a hotel, and if he 
finds that he needs a laboratory for a week or ten days 
or a month or six months, he can have it. The Club 
has three laboratories for rent to transients.

You may come to New Y o rk  to sell a product or a 
process, and it m ay be necessary to m ake a laboratory 
demonstration. Y o u  cannot w alk into som ebody’s 
else laboratory, and get the necessary accom m odation 
and the necessary privacy. Y o u  m ay be a man w ith
out a country and a stranger w ithout a home, but you  
need not be either if you  are a non-resident mem ber of 
the Chemists’ Club. Y o u  m ay live, have every lab
oratory facility and enjoy the use of a most valuable 
chemical library in this building in the center of the 
city. You cannot do th at in an y other c ity  in the world. 
No technical organization in a n y  country offers so 
much to its non-resident members as does the Chem
ists’ Club in New Y o rk  City.

Many of you have been in a position where you  have 
wanted a certain volum e of the Berichle, the Annalen, 
or any one of a num ber of other journals or a  te x t
book, or have wanted a translation into English of 
some French, German, or Italian  reference. Non-res
ident members of the Club telegraph or w rite to the 
Club librarian and receive th at particular volum e b y  
return mail; if the book is not in duplicate, trans
cripts will be made of the portions th at you  w ant and 
will be mailed to you; a t the end of the m onth you  will 
get your bill for services which will be made at cost 
since the Club is not run for profit.

Some of you m ay not need literature, b u t it is just 
possible that you m ay w ant some chem ical th at is not 
stocked by any of the chem ical dealers in the U nited 
States. If the plans of those in charge of the Chemists ’ 
Club do not miscarry it will be only a short tim e when 
by telegraphing or w riting to the Chemists ’ Club they 
will be able to take out of their museum an original 
package of the chemical th at you w ant but cannot bu y 
m the United States, and m ail it to you; you in turn 
will order from the m aker, a t your convenience, an 
exact duplicate of the original package to replace the 
one loaned you b y  the Chem ists’ Club. W h at have 
you gained? Y o u  have saved the expense of a cable, 
consequent delay, and a fuss a t the customs house, 

e American chemist, n ext to membership in the 
merican Chemical Society, has never been offered a 
etter opportunity for cooperation than mem ber

ship ra the Chemists’ Club.
The development of the Club L ib rary is an exam ple 
cooperation. Mr. H erm an Frasch has m ost gen- 

rous y donated $10,000, the income from which is to 

Ch °Ji Purc^ase ° f  new books. Prof. Chas. F. 
j.an ®r’ New Y o rk  City, has donated practically  

of his private library, and Prof. John W . M allett,

of the U niversity  of Virginia, donated practically  all 
of his library; the Am erican Chemical Society and the 
New  Y o rk  Section of the Society of Chemical Industry 
have given their book s; we also have the benefit of the 
Sir W illiam  H enry Perkin L ib rary  Fund, and the 
Charles Frederick Chandler L ib rary Fund. Numerous 
members have donated parts or all of their w orking 
libraries, and the libraries of several of our deceased 
members have passed into the possession of the Club. 
The aim  of the Chem ists’ Club is to get together the 
m ost com plete set of books on chem ical subjects in 
existence, and further to have as m any as possible of 
them  in duplicate, so th at we m ay have a circulating 
library of immense proportions.

Those of you  who are members of the Chem ists’ 
Club, or the Am erican Chemical Society, or both, will 
find th at the best and the most useful resting place for 
such of the books in your library for which you you r
self have no further use, will be in the custody of the 
Chem ists’ Club.

The Chem ists’ Club further maintains, an em ploy
m ent bureau for the use of chemists, w hether members 
or not, who are out of a position; this bureau does not 
seek to aid those already in a position to better them 
selves ; all it does is to give a man a start, and once he 
has th at he m ust m ake or break himself. B y  n otify
ing the em ploym ent bureau of the Chem ists’ Club of 
vacancies in your district or b y  sending, to it names and 
addresses of w orthy chemists who are out of positions, 
you  will be adding greatly  to the effectiveness of th at 
bureau which has for m any years past helped hundreds 
of men annually in obtaining good positions and in 
enabling m any m anufacturers to get suitable chem ical 
assistance w ith little  delay.

W e have pointed out only a few  of the opportuni
ties for cooperation, and dilated upon the benefits 
th at the Chem ists’ Club will confer upon the individual 
chem ist and upon the chem ical profession as a whole. 
The field of cooperation is too big to do more than 
m erely to scratch the surface and commend it to your 
serious consideration and to solicit your earnest sup-

p o rt- B. C. H e s s e

THE PRESENT STATE OF THE ART OF INDUSTRIAL 
MANAGEMENT

The Am erican Society of Mechanical Engineers 
have made, through a sub-com m ittee of th at organ
ization, a most careful study and an elaborate report 
on the present status of the efficiency m ovem ent 
in industrial work. T h ey have carefully analyzed 
the problem and classified their conclusions in b y  far 
the m ost im portant contribution so far subm itted 
on this subject. W e have carefully summarized their 
w ork in the following abstract:

During the past few  years a num ber of striking 
phenomena, in connection w ith industrial m anage
m ent, m ust have becom e evident even to the most 
superficial observer. The more im portant are:

(a) The wide-spread, popular interest in the subject 
which had its rise in a statem ent made before the 
Interstate Commerce Commission, in a hearing on the 
m atter of proposed advances in freight rates, th at b y
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the application of newly discovered principles of 
managem ent “ in the railroad operation of this country 
an econom y of $1,000,000 a day is possible.”  This 
popular interest is shown b y  the great number of arti
cles published in the daily papers and popular m aga
zines, mediums th at give but scant attention to tech
nical subjects except of the most striking nature.

(b) The suddenly intensified interest in the subject 
on the part of employers and business executives in 
m any lines of activ ity , shown b y  lectures, addresses, 
professional papers and reports presented to their as
sociations.

(c) The opposition of labor unions to the newer 
m ethods of management, shown b y  statements of labor 
leaders, in a few instances b y  strikes, and by an a t
tem pt to prohibit b y  law the use of some of these 
methods in Governm ent shops.

(d) Governm ent recognition of the m atter shown 
b y  the appointm ent of a special committee of the 
House to investigate system s of management in G ov
ernm ent arsenals and shops, which reported in March, 
19x2; b y  the appointm ent of a civilian board b y  the 
Secretary of the N avy  to investigate management in 
the n av y  yards, which reported in July, 19 11; and by 
a Senate bill, S 6172, now in committee, which is in
tended to prohibit tim e study and the paym ent of 
premiums or bonus on Government work.

(e) The rapidity w ith which literature on the sub
ject has accum ulated. One directory of books on 
business m anagement lists 500 titles, and states that 
75 per cent, of them have been written within five 
years.

C/) The formation of two societies having as an aim 
the furtherance of the applications of the principles 
of management.

(g) The separation of persons interested in the m at
ter into two camps, one of enthusiastic advocates, the 
other of vigorous opponents of w hat is called the new 
element in management.

(h) The unquestionable proof of the advance that 
can be made in unskilled work, as shoveling material, 
and in ancient trades, as bricklaying, b y  the applica
tion of the principles of management. This is the 
most .striking phenomenon of all.

Before defining the element in the art of m anage
m ent th at has given rise to these phenomena, it is 
necessary to review briefly the beginnings of modern 
industry. This gives a historical setting from which 
the present can be more tru ly  judged.

Modern industry was brought about b y  the change 
from handicraft to m anufacture, and early British 
economists held that the application of the principle 
of division of labor was the basis of manufacture.

I t  appears, however, th at another principle is the 
basic one in the rise of industry. It  is the transference 
of skill. The transference of skill from the inventor 
or designer to the power-driven mechanism brought 
about the industrial revolution fjrom handicraft to 
m anufacture.

No better single illustration of the application of 
this principle can be found than in the invention of 
the lathe slide rest b y  H enry Maudsley, in 1794. So

complete has been this transference of skill that to
day hand tooling is a vanished art in American ma
chine shops. V ery few lathe hands can chase a thread 
w ith hand tools, yet all can cut good threads on an 
engine lathe, thanks to the slide rest.

Methods of analyzing and recording operations were 
early developed. Adam  Sm ith recorded the divi
sions of the work of m anufacturing pins, listing all 
operations. Charles Babbage gave a table from a 
French investigator showing the num ber of opera
tions, time for each, cost of each, and expense of tools 
and material for m aking pins in France in 1760.

Thus we see the application of the principle of 
transference of skill a t the basis of the development of 
the industry, and an early application of the value 
of the detailed study of operations in making that 
transference more complete. B ut the machine was 
the viewpoint. It  was looked upon as the producing 
unit. The subsequent developm ent has had the ef
fect of advancing still further the division of labor, 
and beginning the division of thought. The drafting 
room presents the first example of this trend, in its 
collection of engineering data, in its prediction of re
sults and the formation of staff organization. The 
art of machine design has been greatly  developed. 
The last half of the last century saw a tremendous in
crease in inventions, a tremendous furtherance of the 
application of transference of skill to machine and 
tools. The skeleton of an industrial organization of 
this period, one th at was too large for a single execu
tive to manage, consisted of a designing department 
and a production departm ent, each w ith a head re
sponsible to the manager.

The first of these, the one th at was the means of 
embodying skill in the m achinery and tools of pro
duction, was highly developed and organized. Ex
periment, research and detailed study were constantly 
resorted to, to aid in reaching the desired result. 
The work was highly specialized and the employees 
highly paid. N ot infrequently the m anager or chief 
executive devoted much of his own tim e to this part 
of the business.

The production departm ent presented a contrast
ing condition. The workmen were given the tools 
and machines designed in the drawing-room and 
using their own unaided skill were expected to pro
duce work of the desired quality and quantity. Ex
cept in rare instances, no effort was made to transfer 
the skill of the management to the production depart
ment and to the employees, or to undertake the divi
sio n  of executive thought. V ery  little consideration 
was given to the workmen a s  a producing unit.

W ithin the past 20 or 25 years certain changes have 
taken place in the attitude of m any production man* 
agers toward the problems th at they face and the 
forces and means th at they control. A n  early evi
dence was the development of profit-sharing, p rem iu m  

and bonus systems to reward increased effort and out
put. There followed welfare work, industrial better
ment movements, the adoption of safeguards and regu
lations to minimize industrial accidents, the su b sti

t u t i o n  of the principle of accident c o m p e n s a t i o n  f°r



employers' liability and an im provem ent in the 
physical surroundings and conditions of factories. 
All of these tendencies have been fostered and to a 
great extent initiated b y  employers. B u t even to
day these are by no means generally adopted.

Another tendency, less pronounced in character, 
has as its object the im provem ent of the personal 
relations between the em ployees themselves and be
tween the employee and the employer. It is the effort 
to establish the best of factory  w orking conditions in 
those things not physical in nature, to develop and 
maintain a shop atmosphere free from  all harassing 
and hindering influences. I t  is an attem pt to make 
use of the results of experim ental psychology in im
proving working conditions.

But the most im portant change and one th at com 
prehends the others, is in the m ental attitude toward 
the problems of production. The tendency is toward 
an attitude of questioning, of research, of careful 
investigation of everything affecting the problems 
in hand, of seeking for exact knowledge and then 
shaping action on the discovered facts. It has de
veloped the use of tim e stud y and m otion study as 
instruments for investigation, and the planning de
partment as an agency to pu t into practice the con
clusions drawn from the results of research, and m eth
ods of wage paym ent which stim ulate cooperation.

All of these changes have affected the production 
department much more than the designing depart
ment. The effect is to extend the principle of trans
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THE HYDROGENATION OF OILS’
B y  Ca r l b t o n  E l l is

I he treatment of unsaturated oily bodies w ith 
hydrogen to obtain saturated derivatives is of great 
scientific and technical interest. In the fat industry 
a most fascinating problem has been th at of the con
version of oleic acid or olein into stearic acid or the 
corresponding glyceride.

Oleic acid and hydrogen combine, molecule for 
molecule, to yield stearic acid according to the reaction:

c 18h 31o 2 + h 2 = C lgH 380 2

Ihus 282 pounds of oleic acid require 2 pounds 
(or about 0.7 per cent.) of hydrogen for the production 
°f 284 pounds of stearic acid, and sim ilarly the trans
formation of olein into stearine requires the use of 
about 0.68 per cent, hydrogen.

One thousand cubic feet of hydrogen weigh approxi
mately 5.5 pounds, hence a pound of olein calls for 
a little over 0.1 of an ounce of hydrogen equivalent 
to approximately 2500 cubic feet of hydrogen per 
ton 2000 pounds) of olein. Thus b y  weight only
a.v elatlvW  sma^ quantity  of hydrogen is needed, 
'• ■ c by volume the am ount required, of course, is
considerable.

•lany attempts to hydrogenate oleic acid have been

t_ .  !!-si''Ued before the N ew  Y ork  Section  of th e  Society of Chem ical
ustry. November 22,. 1912.

ference of skill to production, so th at it com pletely 
embraces every'- a c tiv ity  in m anufacture. The skill 
of m anagem ent is consciously transferred to all of the 
operations of the factory. This extension is expressed 
b y  these phases; the drawing-room is the planning de
partm ent of design, and the planning departm ent is. 
the drawing-room of production.,

T o obtain inform ation on present conditions, the 
com m ittee wrote to the recognized experts, to execu
tives of plants in m any lines of industry, to students 
of industrial problems, and it has had m any inter
views w ith men in these various fields. The responses 
to the requests were in the main most generous, and 
the replies convey the ideas of a conscious effort to 
ascertain and study facts and system atically to apply 
them  to instructing the workmen and in controlling 
every departm ent of industry. Setting these against 
the underlying principle of the transference of skill, 
th ey  conceive the prom inent elem ent in present-dayr 
industrial m anagem ent to be: the mental attitude that 
consciously applies the transference of skill to all the 
activities of industry.

Here emphasis is placed upon the word all, for the 
restricted application of this principle to machines and 
tools has been highly developed for a long period. B ut 
its conscious application in a broad w ay  to the produc
tion departm ents, and particularly to the workmen, 
we believe has been made during the last quarter 
century.
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made. R eview ing this subject in 18971 Lew kow itsch 
refers to the ease w ith which the lower members of 
the oleic series are converted into saturated acids and 
states th at “ oleic acid itself resists all attem pts at 
hydrogenization,” further rem arking th at he had 
“ carried out a large num ber of experim ents in this 
direction under most varied conditions, but hitherto 
all of these gave negative results.”

Prior to this, however, Goldschm idt, in 1875/ 
had reduced oleic acid b y  means of hydriodic acid and 
amorphous phosphorus a t 200-210° C. This pre
sum ably led to the attem pted com mercial develop
m ent of a process b y  de W ilde and R eychler3 involving 
heating oleic acid to 280° C. w ith 1 per cent, of iodine, 
adding and m elting therein a certain qu an tity  of tallow 
soap, and then boiling w ith acidulated w'ater. The 
product was then distilled and the iodine, in part, 
recovered from the pitch. The yield  of stearic acid 
or saturated fat i s ' stated to be approxim ately 70 
per cent, of the theoretical. Only about two-thirds 
of the iodine could be recovered so the process appar
ently did not find technical use.-t Should the much 
lauded m ethod of treating kelp, prim arily for obtain
ing potash salts, come into use, a cheap supply of iodine

1 J .  S . C. I ., 389 (1897).
2 Site . b. d. W iener A kad . d. IV issii 72, 366.
3 B ull. Soc. Chim ., [3] 1, 295 (1889).
* Chem. Ztg.. 1889, 595.
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would be available which m ight then make the W ilde 
and R eychler process of some technical interest.

Chlorine in lieu of iodine has been tried, but great 
difficulty has been experienced in securing an auto
clave of resistant material. Im bert1 recommends 
using quantities of chlorine and alkali exactly  calcu
lated on the iodine number of the fa tty  acid and oper
ating at a tem perature of 120° to 150° C. and pressure 
of about five atmospheres for a period of six hours.

Zurrer2 chlorinates the fa tty  acid and then heats 
w ith w ater in the presence of a finely divided metal 
as zinc or iron. Lewkowitsch alleges that the treat
m ent of monochlor-stearic acid in this manner causes 
a reversion to oleic acid.

Tissier, in 1897,2 lays claim to a process for the re
duction of oleic acid b y  nascent hydrogen. Powdered 
m etallic zinc is placed in an autoclave, water and the 
fa tty  m aterial containing olein introduced and treated 
under pressure.

Under the circumstances the glyceride is hydro
lyzed to fa tty  acid and glycerine, and according to 
Tissier nascent hydrogen is evolved b y  virtue of the 
finely divided m etal and reduces the oleic to stearic 
acid. Freundlich and Rosauer4 claim the Tissier 
process to be inoperative.

The conversion of oleic acid into palm itic and acetic 
acids b y  means of caustic potash in accordance w ith 
the Varentrapp .reactions has not proved to be of much 
com mercial significance, although it appears that 
certain firms have been m aking use of the process in 
a lim ited way.

The Schm idt zinc chloride process6 involves heating 
oleic acid and zinc chloride at exactly  185° C. while 
interaction is taking place. “ Deviation from this 
point leads to an increase of liquid substance. U n
fortunately the solid candle m aterial must be dis
tilled and the considerable proportion of /?-hydroxy- 
stearic acid (melting point 82° C.) in the crude product 
is seriously diminished b y  the partial conversion of 
this acid into oleic and iso-oleic acids. Thus, from 
a candle-m aker’s point of view, a substance of high 
m elting point is rendered practically valueless. 
Schm idt’s process was tried on the large scale in an 
Austrian candle works. The quantity  of liquid 
tinsaponifiable substance obtained was, however, so 
large th at commercial success was out of the question.”

M any processes have been proposed based on the 
well-known action of sulfuric acid on oleic acid. 
H ydroxy-stearic acid is obtained b y  steam ing the 
product. I t  would lead us too far from the present 
subject to enter into any further discussion of these 
reactions.
P R O C E S S E S  IN V O L V IN G  A P P L IC A T IO N  O F E L E C T R IC IT Y

In 1886, Weineck? called attention to the possi
b ility  of • electrolytic addition of hydrogen to oleic

'  U . S. P a te n t No. 901.905. of Oct. 20, 190S; sec also Bull. Soc. Chim., 
1899, 695. 707.

-  G erm an P a te n t No. 62,407, of Aug. 8. 1891.
3 F rcnch P a te n t No. 263,158, of Jan . 16, 1897.
4 Chem. ZtQ., 1900, 566.
3 J .  S .  C. A, 98 (1883), 200 (1884).
0 Lewkowitsch, "Oils, F a ts  and  W axes,”  p. 664.
7 Osterr. P riv il., 10, 400 (Ju ly  19. 1886).

acid. K uess1 later attem pted to apply the electric 
current in the steam distillation of fa tty  acids.

In patents taken out b y  Magnier, Bragnier and 
Tissier,2 the fa tty  m aterial is acidified w ith sulfuric 
acid, whereupon the acidified mass is m ixed with 
5 to 6 times its weight of w ater and then under a 
pressure of 5 atmospheres is subjected to the action 
of an electric current, which generates hydrogen in a 
nascent state.

An interesting method of converting oleic into 
stearic acid is th at comprised in the Hemptinne 
electric discharge process. The m ethod is carried 
out b y  interposing a thin layer of the oil in the path 
of an electric discharge, while bringing hydrogen into 
contact w ith the oil.*

Fig. 1 shows the arrangem ent of apparatus for 
this purpose. The conversion is effected in a chamber 
having an inlet pipe, H, furnishing hydrogen under 
constant pressure. Oleic acid is supplied b y  a pipe, 
O, to a sprinkling device which discharges the acid 
onto a system  of parallel plates consisting of the glass

plates G and alternately the m etal plates M, N. The 
metal plates M are connected to one pole, the others, 
N, being connected w ith the other pole of a source of 
electricity. As the oil passes over the plates the 
electrical discharge causes conversion of some oleic 
acid into stearic acid, and analogous compounds 
having melting points in the neighborhood of 69° C.

Hemptinne prefers to work a t pressures less than 
atmospheric. The yield is lower at atmospheric 
pressure. B y  treatm ent in this m anner it is not 
difficult to secure a yield  of 20 per cent, of stearic 
acid. Repeated treatm ent perm its even up to about 
40 per cent, yield. Here, as so often elsewhere, the 
effect of mass action becomes m anifest and as the 
content of stearic acid increases the speed of reaction 
greatly decreases. Much better results are obtained 
b y  saturating to the extent of about 20 per cent., 
removing the stearic acid b y  pressing, when the oil 
of reduced stearic acid content is again subjected to 
the electric discharge, and a further 20 per cent, yield 
obtained. The oleic residue contains liquid condensation 
products amounting to about 40 per cent, of the total 
weight. It  is stated th at the presence of these bodies

1 Chem. ZtQ., 1896, 618.
2 Eng. P a te n t No. 3,363, 1900; G erm an P a te n t No. 126,446. of Oct. 

3. 1899, and  additional G erm an P a te n t No. 132,223.
3 U. S. P a ten t No. 797,112, of Aug. 15, 1905.



Feb., 1913 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  ' 97

does not impair the m arket value of w hat some one 
has termed “ electrocuted” oleic acid.

“J. Petersen1 also endeavored to  reduce oleic acid 
to stearic acid b y  allowing an electric current to act 
between nickel electrodes on an alcoholic oleic acid 
solution, slightly acidulated w ith sulfuric acid or pref
erably with hydrochloric acid. B u t the yield  of 
stearic acid was small, even under the most favor
able conditions, and did not exceed 15 to 20 per cen t.”

Petersen also endeavored to reduce sodium oleate 
in aqueous or alcoholic solution to the stearate. No 
satisfactory results were obtained.

C. F. Bohringer and Sohne3 obtained b y  the same 
method much better results when using as cathodes, 
metallic electrodes, which were covered w ith a 
spongy layer of the same m etal. T h ey recommend 
as cathodes platinized platinum , and also palladium  
electrodes covered w ith a spongy layer of palladium - 
black. Nickel electrodes are not as effective.

Kolbe* in 1871 states th at Saytzeff reduced nitroben- 
zol to aniline by passing the vapors of the, former, 
mingled with hydrogen, over palladium -black.

About twenty-five years later Sabatier and Sen- 
derens began their classic study of nickel and other 
metallic catalyzers.

The work of Sabatier and Senderens laid the founda
tion for the present processes of hydrogenation of 
oils. Their work is so well known th at it is needless 
to discuss it here.

Fig. 2 shows apparatus used b y  these investigators 
m the hydrogenation of bodies capable of vaporiza
tion. In this apparatus, 1 is a hydrogen generator; 
2 and 3 are wash bottles and 4 is a vaporizer containing

e substance to be converted into a vapor. 5 is a 
rogen chamber containing nickel catalyzer and 

6~ ec! by an oil bath. 6 is a  condenser.
hile a good deal of work has been done on the 

} rogenation of fa tty  oils, the literature on the sub- 
wh" h Ver'r mca" re mdeed and only through the patents 
j- ,1C âve been issued can we gather from any pub- 

e records much th at is enlightening as to develop- 
°nts in this industry. The patents concerned with

2 r  ® el,lr°chemie, 1905, 549.
3 r '" ! 'P.atCnts Nos- 187,788, 189,332, 1906.

iro *1- CA«n., [2] 4, 418 (1871).

the m atter have, moreover, been subjected to a great 
deal of scrutiny because of the alleged basic character 
of certain of them. For these reasons the following 
discussion pertains very  largely to processes which 
have been covered b y  patents in this country or 
abroad.

( N o t e .— The illustrations herein are largely derived 
from the drawings of patent records or have been 
prepared from w ritten descriptions. A ll details deemed 
unnecessary .in the portrayal of the essential features 
of these processes have been om itted. The original 
records should, of course, be consulted for details.—  
A u t h o r .)

A  Germ an Patent, No. 139,457, of July 26, 1901, to 
J. B. Senderens, is probably the first patent record 
having to do w ith the reduction of organic bodies b y  
hydrogen in the presence of nickel catalyzers. This 
patent is for the production of aniline from nitro- 
benzol and involves passing the latter body in the 
form of a vapor over heated nickel, copper, cobalt, 
iron, or palladium  in the presence of hydrogen. The 
hydrogen m ay be in the pure state or in the form of 
water-gas.

The first disclosure of the possibility of hydrogena
tion of oils in a liquid state apparently comes from 
L e Prince and Siveke.1 In England a corresponding 
patent (No. 1515, of 1903) was issued to Norm ann1 
and the latter patent has become w idely known 
because of its alleged fundam ental character.

Normann states th at he m ay carry out the hydro
genation of oils b y  treatm ent either in the form of 
vapors or as liquids. In the former case the fa tty  
acid vapors together w ith  hydrogen m ay be caused 
to pass over catalytic  m aterial carried b y  a pumice 
stone support. This m ay be represented b y  Fig. 3

F ig .  3

in .which A  is a bed containing granular pumice 
coated w ith a m etal catalyzer. O is an inlet 
for oil vapors and H is an inlet for hydrogen. The 
m ixture passes through the tube A  and the converted 
m aterial is w ithdraw n at B. Normann notes, however, 
that it is sufficient to expose the fat or fa tty  acid in 
a liquid condition to the action of hydrogen and the 
catalytic  substance. He states, for instance, if fine 
nickel powder obtained b y  the reduction of nickel 
oxide in a current of hydrogen is added to oleic acid, 
the latter heated over an oil bath and a strong current

1 G erm an P a te n t No. 141,029, of A ug. 14, 1902, H erfo rder M aschinen- 
f e tt  un d  Oel F abrik .

2 T his English  P a te n t is ow ned by  a  large soap  m anufac tu ring  house 
in E n g lan d  and  i t  is rep o rted  th ey  allege th e  p a te n t in th a t  co u n try  to  b e  
fundam en ta l and  contro lling  fo r th e  hydrogenation  of fa t ty  oils generally . 
T hey  are offering rew ards for inform ation  as to  th e  secre t a nd  unau tho rized  
use of the  process and  i t  is said a lready  to  have s ta r te d  litigation .
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of hydrogen caused to pass through it for a consider
able time, that the oleic acid m ay be com pletely con
verted into stearic acid.

Fig. 4 shows very  simple apparatus, such as might 
have been used b y  Normann to this end. A  is a vessel 
containing oil, 0 , in which fine particles of nickel are

suspended while a strong 
current of hydrogen from 
the pipe H affords the 
hydrogen requisite for re
duction of the oil. B y  
this means Normann 
treated the fa tty  acid 
of tallow having an
iodine number of 35 and 
melting at about 46, 
thereby converting it 
into a body of im
proved color having an 

F ig . -1 iodine number of about
10 and a m elting point of about 58. Normann also 
states that commercial gas mixtures, such as water- 
gas, m ay be used in lieu of pure hydrogen.

The disclosures of the Normann patent are, however, 
rather meagre and hardly can be considered to com 
prehensively traverse the difficulties encountered
in the practical hydrogenation of oils in a liquid state.

Dr. D avid T. D ay, of W ashington, has brought 
out a process1 in which he treats, not fa tty  oils, but 
hydrocarbon oils, w ith hydrogen in the presence of 
w hat he terms a porous absorptive substance, men
tioning palladium -black, platinum  sponge, zinc dust, 
fu ller’s earth and other clays. Fig. 5 shows one method 
proposed by D ay to this end.

The upper cham ber A  is filled w ith hydrocarbon
oil, and porous absorptive material such as palladium-
black is introduced in the intermediate chamber C

F i g . 5  F i g . 6

b y  w ay  of the plugged orifice D. A n y air present in 
C m ay be expelled b y  flushing out w ith hydrogen or 
an indifferent gas. Hydrogen is then adm itted b y  
the pipe H until the porous m aterial has absorbed

> U . S. P a te n t No. 826,089. of J u ly  17. 1906.

its full quota. The hydrogen gas m ay be admitted 
under a pressure of 100 pounds or more to the square 
inch. W hen the porous m aterial in C has become 
properly charged w ith hydrogen, the oil is allowed 
to run from the cham ber A  through the chamber C 
into the collecting cham ber E, hydrogen being intro
duced as required by the pipe H.

In the place of hydrogen, D ay  states th at ethylene 
or other hydrogen carrying gas or vapor m ay be em
ployed. B y  this treatm ent the disagreeable odor 
of hydrocarbon oil is' in great part rem oved and the 
burning qualities of the oil improved. W hen palladium 
black is used it is recommended th at a proportion of 
one-half ounce to the gallon of oil be taken.

Fig. 6 shows a modification of D ay's process. A is 
an oil still, in the lower part of which the perforated 
pipe H serves for the admission of hydrogen. Palla
dium -black or other porous absorptive m aterial forms 
a layer, C, on a screen above the hydrogen inlet. 
0  shows the charge of oil. In operating this ap
paratus the layer of m aterial C is first charged with 
hydrogen and then oil run into the still. Distillation 
is carried out while hydrogen gas is being forced through 
the absorptive m aterial and oil.

A  peculiar manner of treatm ent has been shown 
by Schwoerer,1 which will be made clear b y  Fig. 7. 
The receptacle A , which is heated b y  the steam jacket 
S, is provided with w hat Schwoerer calls a helical

pan, shown at B. The underside of the pan carries 
a layer of nickelized asbestos. 0  is an inlet for oil 
and hydrogen, and D an outlet for the treated material.

Schwoerer states that he first m ixes fa tty  acid and 
hydrogen by atom izing the oil w ith a jet of super
heated steam in the presence of hydrogen and con
ducts this m ixture through the pipe O, into the 
chamber A. The tem perature m aintained in the 
apparatus is from 250 to 270° C. Vapors of oleic 
acid come in contact with the layer of catalyzer on 
the underside of the helical pan and are converted 
into stearic acid. The product collects, more or less, 
in the gutter of the helical pan and is rem oved at D.

The repeated caution given b y  Sabatier to bring ifl 
contact with the catalyzer only the vapors of the

1 U. S. P a te n t No. 902.177, of Oct. 27, 1908.
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material, doubtless led Schwoerer to devise this 
form of apparatus.1

Bedford, presum ably w ith the same caution of 
Sabatier in mind, discloses, in U. S. P aten t No. 
949,954, of Feb. 22, 1910, a process which also has to 
do with vaporization of the oily material. Fig. 8 
shows the Bedford apparatus. A  still or tower, A , 
carries two beds of catalyzer, C and C '. This is said 
to be preferably nickelized pumice. B y  means of 
hydrogen under pressure, oleic acid is sprayed from 
the pipe 0 , onto the catalyzer bed C '. H ydrogen is 
admitted through the pipe H. A  tem perature of 
about 200° C. and a diminished pressure of about 
50 to 100 mm. is m aintained in the still or tow er A. 
The vapors of oleic acid mingled w ith hydrogen pass 
through the second catalyzer bed C, where more or 
less conversion occurs, then pass to the condenser D, 
and finally collect in the receptacle E. F  is a connec
tion to a vacuum pump.

Neither this process nor th at of Schwoerer is broadly 
applicable to the treatm ent of glycerides as these 
cannot be vaporized w ithout undue decomposition.

Erdmann has taken out a German P aten t No. 
21 r,669, of Jan. 19, 1907, involving passing an oil 
as spray or mist into a cham ber containing nickel 
catalyzer supported on pumice and the like. Fig. 9 
probably indicates one form suggested b y  Erdm ann, 
who, by the way, does not show any drawings in the

f i g .  9 F i g .  10

patent. The chamber A  has a rotatable cylinder,
B. which is coated w ith nickel catalyzer. In the bottom  
of the receptacle is a  quantity  of nickelized pum ice. 
u,i enters at 0  and is atom ized b y  hydrogen entering 
at H. The atomized m ixture impinges upon the ro-
335 ,.^a^a*‘er and Senderens, Annates de Chimxe el de Physique, [8 ] 4, 
cessif d ■ Sta*e ^ la t  " ^ e !n<‘,l-a ' ne s° i t  ja in a is  m ou illi p a r  un  afflux ex- 
de | l U <lue 1'on tra ite , ou a  la 's u ite  d 'u n  abaissem ent acciden tel
cyclohCmPeratUre tu k e‘”  T hey fu r th e r  say  th a t  in  th e  p rep a ra tio n  of 
but V i T 01 'ln^  ' ts  homologues from  phenol o r cresol a t  a  tem p e ra tu re  
cond 1 ak°ve ^ u'  boiling po in ts  of th e  la t te r  bodies, som etim es b y  th e ir  
alm o-t^ l°^ ' n >ckel becom es m oistened and  im m ediate ly  becom es 

, lnactlve, due, no doub t, to  th e  surface becom ing p erm anen tly  changed 
^acter by contact w ith th e  liquid phenol o r cresol.

tating cylinder B , then passes through the bed C, 
the oil being drawn off a t D. The excess of hydrogen 
is presum ably vented in the upper part of the apparatus.

A  second modification (Fig. io ) involves a tower, 
A, filled w ith catalyzer C, which m ay be in the form 
of nickel supported on coarse fragm ents of pumice. 
B y  the pipe O, oil is adm itted to the cham ber in an 
atom ized or finely divided state. H ydrogen enters 
b y  the pipe H. Erdm ann states th at the tem pera
ture of treatm ent should be from 170 to 180° C. 
The treated oil is drawn off a t D while the excess of 
hydrogen passes aw ay at B.

In a supplem ental patent, No. 221,890, of Jan. 19, 
1907, Erdm ann recommends the steam  distillation 
from the reaction cham ber of the saturated product 
under diminished pressure.

Vereinigte Chemische W erke A. G .1 m ake use of 
palladium  catalyzer precipitated on an indifferent 
body as a carrier and recommend as carriers finely 
divided m etals which do not have anti-catalytic 
properties, also m etal oxides and carbonates. Under 
these circumstances it is stated th at one part of palla
dium is sufficient to convert in a few  hours xoo.ooo parts 
of oily m aterial to a firm mass. T h ey recommend the 
use of a hydrogen pressure of two to three atmospheres 
and a tem perature som ewhat above the solidification 
point of the saturated fat. T h ey  caution against 
arsenic, hydrogen phosphide and sulfide, liquid hydro
carbons and carbon bisulfide, chloroform, acetone 
and free mineral acids as being destructive to the 
a ctiv ity  of the catalyzer.

K ayser3 describes a process of treating oil w ith m etal
lic catalyzer consisting in m echanically agitating 
the oil and catalyzer in the presence of hydrogen, 
preferably under pressure. One form of the apparatus 
indicated b y  K ayser for thispurpose isdiagram m atically 
represented b y  Fig. x 1.

Here A  is a closed horizontal cylindrical vessel 
in w h ich ,is  a paddle wheel, D, made up of blades 
carrying wire gauze. The paddle wheel is rotated

F ig . 11 F ig . 12

b y  a driving gear a t B. In the upper part of the tan k 
is an inlet for charging oil andpresum ably also catalyzer, 
the oil being adm itted to the tan k  in an am ount 
sufficient to fill to perhaps one-fourth or one-fifth 
the entire capacity. H ydrogen is adm itted a t H
and passes, b y  the three-w ay cock I, to the com pres
sion pum p J, going from  there to the treating re
ceptacle. A t  the opposite end of the tan k is an e x 
haust pipe, L, carrying a blow-off valve, M, for the

1 G erm an P a te n t N o 236,488, of Aug. 6. 1910; also English  P a te n t 
No. 18,642, of 1911.

2 U. S. P a te n t No. 1,004,035, of S ep t. 26, 1911,
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purpose of venting the unabsorbed, hydrogen. The 
tem perature of treatm ent is stated to be about 150 
to 160° C. A lthough the claims call for the use of 
hydrogen under pressure, no working pressures are 
specified. Fig. 12 shows diagram m atically one form 
of construction of the screen-covered paddle wheel 
used b y  Kayser.

In another U. S. Patent (No. 1,008,474, of N ov. 14, 
1911), K ayser sets forth the use of an inert pulverulent 
m aterial such as kieselguhr as a carrier for the nickel 
catalyzer, he apparently having determined, as did 
Sabatier and others, th at hydrogenation is more rapid 
or com plete when a carrier for the catalyzer is used; 
and he claims the process of hydrogenating oil involv
ing agitation of a metallized inert pulverulent carrier 
with a fa tty  oil in the presence of hydrogen. It 
is com monly understood th at the K ayser process is 
in operation on the large scale in this country.

Tw o patents relating to the spraying of oil into a 
cham ber containing compressed hydrogen have a t
tracted some attention abroad. One of these is 
English P aten t No. 7,726, of 1910, to Testrup and the 
other is to W ilbuschewitch which finds its counter
part here in U. S. Patent No. 1,024,758, of April 30, 
1912. Fig. 13 shows the elements of the Testrup 
process.

Oil and catalyzer are pumped through the pipe 0 , 
into the tan k A, and hydrogen is adm itted b y  the

F i g . 13 F i g . 14

pipe H, to furnish a gas pressure of say 15 atmospheres. 
The tubes B are heated b y  steam and the stirrer C 
circulates the oil and catalyzer in the tank A, until 
the oil has become heated and presum ably somewhat 
hydrogenated. The oil is allowed to pass into the 
adjacent tan k E, entering this tank b y  the spray 
nozzle F. H ydrogen gas is adm itted to the tan k E, 
from the tank A, so as to afford a pressure of, say, 
12 atmospheres in the tank E . A  series of tanks m ay 
be arranged w ith a constantly decreasing pressure so 
th at the differential pressure enables the spraying of 
the oil from tan k to tank. Testrup states th at spray
ing the m aterial ten or fifteen times is sufficient to 
bring an oil of an iodine num ber of n o  down to an 
iodine number of 50.

A s catalyzer, Testrup recommends finely divided 
palladium  or preferably nickel, the latter being 
two to three per cent, b y  weight of the oil. A s a

treating tem perature 160 to 170° C. is mentioned.
The W ilbuschewitch patent itself details a rather 

com plicated system  and Fig. 14 shows only what ap
pears to be the essential features of the treating ap
paratus. Several tanks or autoclaves are connected 
as shown at A  and A ', oil entering the top of the tank 
A  b y  the pipe 0 , to form a spray which in descending 
meets an upward current of hydrogen entering by 
the pipe H. The oil is drawn off through the pipe 
O ', and sprayed into the tank A '. This tim e it meets 
a current of hydrogen represented b y  the excess of 
hydrogen coming from the tank A. The treated oil 
is drawn off and m ay be centrifuged to remove the 
catalyzer. A  pressure of nine atm ospheres is recom
mended and the pressures m ay be varied in the differ
ent tanks.

Of the W ilbuschewitch process Goldschm idt1 states 
th at the high hydrogen pressures em ployed enable 
the reaction to take place quickly a t temperatures 
between 100 and 160° C., so th at the fat is not likely 
to be injured b y  the tem perature to which it is sub
jected. I t  should be stated th at several years previous 
to the date of the W ilbuschewitch patent, Ipatiew 
had noted and carefully studied the action of increased 
pressure.3

Bedford and W illiam s3 have brought out an inter
esting process represented b y  U. S. Patent No. 
1,026,339, of M ay 14, 1912. Fig. 15 shows the appara
tus indicated by Bedford and W illiam s for carrying 
out the process. Oil is placed in the receptacle A,

F i g . 15 F i g . 16

which is heated by a steam coil, S. Metallic oxide 
catalyzer is added, about 1 percent, being recommended, 
and hydrogen and oxygen or air is introduced by the 
pipe H. A s a catalyzer, nickel oxide (previously used 
b y  Ipatiew) is recommended and instead of the cus
tom ary hydrogenating tem perature of 150 to i7o°C., 
a  temperature of about 250° C. is em ployed. While 
hydrogen alone m ay be used for the purpose, the in
ventors recommend and claim treatm ent of the oil

1 Chem, ZiQ.. 1912, 945.
2 R um or has i t  th a t  th e  processes of T estru p  and  Wilbuschemtdi 

were so m uch alike th a t  during  th e  prosecution of th e ir  p a te n t applications 
before the  English P a te n t Office, they  concluded to  u n ite  interests aad 
th a t  subsequently  they  sold the  righ ts  in E ngland  to  a  soap  manufacturer 
■who, i t  is alleged, proposes to  con test the  claim s of th e  p resen t owners of 
the  N orm ann p a ten t as to  the  alleged basic n a tu re  of th e  la tte r.

3 I t  is reported  th a t in E ng land  som e of th e  independen t soap manu- 
factu rers have taken  over th is p a te n t of B edford  an d  W illiam s and also tic 
E rdm ann  rights. The Bedford and  W illiam s process docs n o t seem dcs- 
tined  to  be of g rea t service in  connection w ith  th e  m anufac tu re  of edible 
fa ts , in p a rt owing to  the  high tem pera tu re  em ployed. I t  is questionable 
w hether o r n o t working w ith a  m ix tu re  of hydrogen and  oxygen in the 
presence of a  catalyzer m ight n o t a t  tim es afford cond itions leading to 
explosions.
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with a mixture of hydrogen and oxygen to form  h y 
droxy fatty acids or their glycerides.

Shukoff1 claims the process of hydrogenating oils 
by means of nickel derived from  the decomposition 
of nickel carbonyl. Nickel carbonyl m ay be obtained 
from reduced m etallic nickel b y  passing carbon mon
oxide over it at a low tem perature. N ickel carbonyl 
is soluble in oil and is very  readily taken up b y  gases. 
On heating to a tem perature of 2000 or so, the carbonyl 
is decomposed setting free, in a nascent state, m etallic 
nickel which acts as a catalyzer. Shukoff makes 
use of this reaction of nickel carbonyl b y  the method 
indicated by Fig. 16. Carbon m onoxide is passed 
by the pipe G, into the tube B, containing finely 
divided nickel and the nickel carbonyl formed is 
conducted to the oil O, which is heated to about 
1800. After sufficient nickel catalyzer has formed 
in the oil, the carbon m onoxide stream is cut off, 
the temperature raised to 220 or 2400 C. and hydrogen 
gas introduced b y  the pipe H, to bring about hydro
genation.

Day has taken out U. S. P aten t No. 1,004,632, of 
Oct. 3, 1911, supplementing his earlier patent on the 
treatment of hydrocarbon oils w ith  hydrogen. In 
the present instance tubes packed w ith catalyzer are 
placed in an oil still in such a m anner th at vapors 
from the oil m ay pass through the catalyzer tube 
in conjunction w ith hydrogen» while being super
heated by exterior contact of the tubes w ith boiling 
oil.

An English Patent, No. 23,997,' of 1909, to Phillips 
and Bultell, claims to convert mineral oils into oils 
of lower specific g ra vity  b y  heating w ith hydrogen 
in the presence of nickel or other catalytic  agents. 
They state that the m ixture of oil, gas and catalyst 
may be blown into a heated cylinder and the jet 
given a gyratory motion either b y  means of a nozzle 
revolving about its axis, or b y  injecting the m ixture 
tangentially to the periphery. In the latter case th ey 
state that the cylinder m ay have an axial core.

The firm of H. Schlinck & Co., of Ham burg, Ger
many,3 hydrogenate oil b y  passage through a centri
fuge, the drum of which carries a porous lining of 
palladium catalyzer which offers a frictional resistance 
to the passage of the oil. Fig. 17 shows a centrifugal 
drum, a, which is closed at the top and can be heated. 
Oil and hydrogen are introduced through the pipe b. 
O p en in g s are provided in the walls of the drum in 
"  hich is placed rough or porous m aterial covered 
with precipitated palladium . Several drums m ay 
be arranged in series through which the oil m ay be 
caused to progress until sufficiently hydrogenated.

Ellis3 uses a stationary catalyzer, filling tubes 
with the material in granular form and allowing oil 
to flow through the tubes while passing hydrogen in 
an opposite direction. Fig. 18 shows a three-section 
apparatus with the catalyzer tubes T , T 1 and T J, 
heated by the jackets S S. Oil from tan k  O flows 
through the apparatus while hydrogen, adm itted b y

| German Paten t No. 241,823. of J an . 18, 1910. See also H . K am ps,
<= gian Patent No. 246,975. Seifensieder Zlo„  1912, 1339.

,  “ jUsti Pa ten t No. 8.147, of 1911. 
u - s - Patent No. 1,026,156, of M ay 14, 1912.

I O I

the pipe H, passes through in an opposite direction. 
The arrangem ent perm its of differential heating so 
that, for example, the oil m ay be heated to a tem pera
ture corresponding to its particular degree of hydro

p ic .  17 F ig . 18

genation at an y given point, enabling a hydrogenated 
product free from burnt odor to be obtained. Fig. 
19 shows a vertical form of apparatus, the catalyzer 
being shown at C in the tube A . Oil is introduced 
b y  the pipe O, and passes into the tube or cylinder 
A . The pum p P causes oil to circulate from  the top 
to the bottom  of the apparatus through the pipe B. 
H ydrogen gas adm itted at H is pum ped into the bot
tom  of the cylinder A, and the excess is withdrawn 
at the top b y  the pipe D, passing through the drier 
E, and back into the treating cylinder. Oil m ay be 
continuously fed through the pipe O, in the upper 
p art and the treated product withdrawn at the same 
rate a t the lower part of the apparatus.

In E llis ’ Patent, No. 1,040,531, of Oct. 8, i9 f2 r the 
catalyzer is placed in trays or baskets as shown b y

Fig. 20 at C. The oil travels in a cyclic p ath  dow n
w ardly through several layers of catalyzer, and hydro
gen gas passes in an opposite direction. Separation 
of the catalyzer in layers in this manner enables the 
hydrogen to pass more uniform ly through the catalyzer 
bed. If the catalyzer forms a bed of considerable 
depth and width, the gas in taking the path  of least 
resistance is liable not to come in contact w ith  some 
parts of the bed.

The a ctiv ity  of a properly m ade catalyzer is often
tim es surprising. In  the case of a stationary catalyzer 
we have noted instances of hydrogenation where oil 
is converted into a hardened fa t b y  m om entary con
tact w ith the catalyzer.

Fig. 21 shows a photograph of a small laboratory 
apparatus for testing catalyzer consisting of an in-
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clined tube containing catalyzer and carried in a 
heating jacket. Oil is adm itted at the right and

F ig . 21

hydrogen at the left hand end. Fig. 22 shows the 
catalyzer tube a t the right from which extends a 
horizontal tube supplying hydrogen to the catalyzer 
tube.

R ecen tly  when using a new type of catalyzer we 
started to pass oil through the catalyzer tube and 
found hydrogen to be absorbed so vigorously b y  the 
oil that instead of passing off through an oil seal at

F ig . 22

the lower end of the inclined catalyzer tube, the oil, 
curiously enough, was impelled against the strong 
current of hydrogen passing through the horizontal 
tube, rushing through it to the point indicated b y  the 
hand of the operator (Fig. 22) and there solidifying, ac
tu a lly  being well hydrogenated from its mom entary pas
sage through the apparatus. A  peculiar feature was the 
advance of the oil from the tube containing catalyzer far 
into the tube through which only the hydrogen was enter
ing the apparatus. The travel of the oil along the 
hydrogen supplying pipe in opposition to a  rapid 
current of hydrogen, indicates the possibility of hydro
genating in a very short time, provided a catalyzer 
of a  high degree of a ctiv ity  is secured.

On the other hand, some catalyzers of the nickel 
and cobalt type when first brought into contact with 
oil and hydrogen show for a time a marked degree of

sluggishness, but after a period, usually ranging from 
one to three hours, their a ctiv ity  rather suddenly 
augm ents and thenceforth remains apparent for a 
long period. This sluggishness should not be con
founded with the seeming initial in activity  in the hy
drogenation of oils containing considerable linolein or 
other highly unsaturated bodies. In such cases the 
rate of “ hardening”  (increase in m elting point) is slow 
at first and later progresses more rapidly. Hydrogen
ation, in some cases a t least, apparently proceeds select
ively with initial formation of olein from linolein. Later 
the olein is transformed into stearin w ith  the observed 
more rapid increase of titer.

E llis1 effects a constant circulation and contact 
of the hydrogen gas in accordance w ith  the method 
shown by Fig. 23. The tan k A  contains a body 
oil, O, the space above the oil being filled w ith  hydrogen

under any suitable pressure. The tan k is heated by 
the jacket S. A  pump, P, withdraws the hydrogen 
from the upper part of the tan k and impels it through 
the pipe D, into the lower part of the tank. Catalyzer 
is added to the oil when the proper temperature is 
reached and the constant bubbling of a stream of 
hydrogen through the oil causes intim ate contact 
between the roasting elements. A fter the operation 
is completed, the porous plate, fastened to a movable 
stem in the upper part of the tank, m ay be depressed 
to fit into the bottom  of the conical base so that when 
the oil is withdrawn a good portion of the catalyzer 
remains w ithout exposure to the air and m ay be used 
with perhaps a small addition of fresh catalyzer for 
the treatm ent of a succeeding charge of oil.

In U. S. P atent No. 1,043,912, E llis h y d r o g e n a t e s  

oil (Fig. 24) in the autoclave A. The pump P circu
lates hydrogen gas through the oil. The treated  | 

product is run into the deodorizer D, where it is 
treated with superheated steam  under d im in ish e d  

atmospheric pressure until the oil is freed from noxio u s 

gases or vapors. W hile the deodorization of o rd in a ry  

cottonseed oil, for example, requires a temperature ;
from 200 to 3000 C. and a vacuum  of down to one or 
two inches m ercury, the deodorization of the hydro
genated cottonseed oil does not necessarily require 
as high a tem perature and the vacuum  “ pulled” may 
be considerably less.2

C o n t r a r y  t o  t h e  o p i n i o n  e n t e r t a i n e d  b y  m a n y

1 U. S. P a te n t No. 1,0*0,532, of O ct. S. 1912.
2 See also U. S. P a te n ts  Nos. 1,037,881, 1,038,545, and  1,047,013-
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does not appear needful to agitate the catalyzer 
primarily for the purpose of contacting it w ith hydrogen. 
Once the catalyzer is w etted w ith the oil there can 
no longer be any actual contact w ith the gas. H y 
drogen reaches the catalyzer seemingly only through 
solution in the oil. The forces of adhesion effectually 
seal the catalyzer surface from the gas, and no measure 
of agitation by ordinary m ixing apparatus will dis
lodge the film of oil. Of course, agitation secures the 
rapid replacement of more saturated b y  less saturated 
portions of the oil, but this replacement, under certain 
conditions, may proceed just as rapidly, sim ply b y  
diffusion.

C A T A L Y Z E R S

Catalyzers, those bodies which m odify reaction 
velocity without stoichiom etrical participation in 
the reaction, are destined to find another im portant 
industrial application in the hardening of oils.

The previous illustrations show the variety  of 
methpds proposed for mingling oil, hydrogen and 
catalyzer. Am ong these are several of excellent 
efficiency. But, after all, the virility, so to speak, 
of the process, depends on the catalyzer. W ith  a power
ful catalyzer the hydrogenation of oils, becomes a 
rapid, simple procedure; almost, it sometimes seems, 
independent of the nature of the hydrogenating ap
paratus.

Catalyzers recognized as useful for the purpose 
are nickel and palladium, although platinum , copper, 
iron and other metals have been used to some extent. 
Nickel oxide, as stated, has been em ployed b y  Bedford 
and Ipatiew. W imm er recommends organic salts of 
nickel such as the formate, acetate or lactate.

As nickel is probably the most im portant of these 
catalyzers, in view  of its efficiency and relatively low 
cost, it will be first considered.

The preparation of an effective nickel catalyzer 
requires considerable care. The oxide or hydrate 
of nickel is first obtained b y  ignition of nickel nitrate, 
or precipitation of nickel hydrate from say a nickel 
sulfate solution b y  the addition of an alkali. O b
tained in this or in any other suitable manner, the 
next step is the reduction to m etallic nickel. For 
this purpose the nickel is placed in a receptacle which 
may be heated controllably, and hydrogen gas is passed 
over the mass at a tem perature ranging from  250 to 
5°° C. or so, until w ater is no longer evolved.

The most sensitive catalyzers are obtained b y  re
duction at the lowest possible tem peratures. Nickel 
begins to reduce below 220° C., but at 270° C. the 
reduction is not complete even after long duration of 
exposure to hydrogen. A  tem perature of 300 to 3250

■ gives fairly complete reduction and is a satisfactory 
working temperature. The lower the tem perature 
at which the nickel is reduced, the more sensitive it 
is to various external influences, hence the preparation 
0 this catalyzer should be conducted not only w ith 
respect to degree of a ctiv ity , but also w ith respect to 
longevity.

1 'ckel is easily poisoned b y  chlorine and b y  sulfur 
m * st>lfide form. W e have had no unfavorable 
results from the use of hydrogen gas passed through

a wash bottle  containing concentrated sulfuric acid 
and then conveyed directly to the catalyzer and oil. 
Traces of the acid were entrained b y  the gas, but the 
catalyzer remained in active condition during about 
two weeks usage under these conditions.

Copper is much less sensitive to poisons than nickel, 
but on the other hand it is much less active.

C atalyzer made from the oxide w ithout supporting 
m aterial, weight for weight, is hardly as efficient 
as when the active surface is increased b y  the use 
of a carrier. Hence we find m any proposals for the 
production of catalyzers w ith a great diversity  of 
carriers, ranging from pumice stone and kieselguhr 
to charcoal and sawdust.

A fter reduction of nickel, as above, it should be 
kept out of contact w ith air as it is extrem ely pyro- 
phoric and quickly loses its efficiency on exposure to 
the air. Consequently when treating oil w ith such 
a catalyzer, it is advisable to free the treating apparatus 
from air b y  flushing w ith hydrogen; also it is well to 
heat the oil and bubble hydrogen through it for a 
short tim e prior to the introduction of the catalyzer.

Several m ethods of producing" catalyzers have been 
the subjects o f the patents -as, for example, th at to 
Crossfield1 in accordance w ith which kieselguhr, 
asbestos and the like is im pregnated w ith a solution 
of nickel sulfate and the im pregnated m aterial treated 
with alkali hydrate to precipitate nickel hydrate on 
the porous material. The product is then well washed, 
dried and reduced. If kieselguhr is used the powder 
should contain about 30 per cent, of m etallic nickel.

A  similar procedure is the subject of a patent to 
K ayser.3 In this case, however, the nickel sulfate 
or other nickel salt in concentrated solution m ay be 
used in an am ount to saturate keiselguhr while leaving 
it in an apparently dry condition, when it is incor
porated w ith a molecular proportion of powdered 
carbonate of soda and the m ixture thrown into boiling 
water, dried and reduced.

Seeking to overcom e the disadvantage of ready 
oxidation in the air possessed b y  normal catalytic 
nickel, Kaysers reduces the nickel oxide or equivalent 
m aterial a t a tem perature of 500 to 6000 C. and then 
passes through the reduced m aterial a brisk current 
of carbonic acid until the escaping gas proves no longer 
inflammable. B y  this m ethod it is claim ed th at a 
catalyzer is secured w hich will remain perfectly cool 
on exposure to the air and even m ay be exposed for 
days w ithout losing any of its catalytic  energy.

W ilbuschew itch4 proposes to secure more rapid 
reduction of catalyzer b y  agitating it in the presence 
of hydrogen in a heated rotary drum. The tem pera
ture during the treatm ent is stated to be 5000 C. 
W ilbuschew itch5 has patented a process of regenerating 
spent catalysts of the nickel typ e involving extraction 
w ith  benzine, treating w ith alkali solution, acidifying, 
treating w ith sodium carbonate solution and reducing.

A s a catalyzer in this field palladium  has received
1 English  P a te n t No. 30,282, of 1910.
2 U . S. P a te n t No. 1,004,034, of Sept. 26, 1911.
3 U. S. P a te n t No. 1,001,279, of Aug. 22, 1911.
4 U. S. P a te n t No. 1,016,864.
5 1,022,347, of A pril 2, 1912.
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considerable study, for, in spite of high first cost, its 
pronounced effectiveness, together with its ab ility  
to effect hydrogenation a t relatively low temperatures, 
makes it particularly attractive.

M any years ago, Fokin1 stated he regarded palladium 
as the most powerful of all catalyzers, he having found 
th at reduction takes place readily at 80 to 900 C., 
while w ith  nickel, a tem perature of 180 to 2000 C. 
was necessary for practical hydrogenation. F okin ’s 
experim ents at th at time were concerned with elec
trolytic reduction. B y  this means he reduced linseed, 
wood, castor and cod liver oil. He found that while 
palladium-black would reduce oleic acid com pletely 
to stearic acid, th at platinum-black under the same 
conditions gave only 24 per cent, of stearic acid.

P aa l3 worked w ith colloidal palladium  preparations 
and hydrogenated castor, olive, fish oil and animal 
fats. He found that sesame oil, after hydrogenation, 
showed the Baudoin reaction only very  faintly, while 
cottonseed oil no longer responded to the Becchi 
and Halphen reaction.^ Skita has worked with 
palladium  incorporated w ith a protective colloid.

K a r l4 has studied, with considerable care and in a 
quantitative w ay, the action of palladium  supported 
on various bodies. He found th at palladium  precipi
tated  on finely divided nickel or magnesium proved 
effective catalytically , while if precipitated on lead, 
alum inum , iron, or zinc, little or no hydrogenation 
was effected, owing to the anti-catalytic action of 
these m etals. W hile m etallic zinc is anti-catalytic, 
zinc oxide and carbonate have no such effect. In 
these investigations K arl worked principally with 
fish, cotton and castor oil and oleic acid.

H Y D R O G E N

One of the problems in the hydrogenation field 
is th at of a cheap supply of pure hydrogen. The 
demand for hydrogen in various directions has increased 
of late and undoubtedly this will lead to improvement 
in the m anufacture of the gas.

The tw o methods now most favored in the hydrogena
tion of oils are the iron sponge steam process and the 
electrolytic method.

For very  large plants the iron sponge steam process 
is preferred, but it is relatively com plicated and scarcely 
to be recommended for plants calling for 1,000 cubic 
feet of hydrogen, or less, per hour.

L an e’s process is based upon the passage of steam 
over reduced iron and involves the generation of water 
gas to reduce and heat the iron oxide employed. 
For each cubic foot of hydrogen produced, about 
three cubic feet of w ater gas are required. The 
w ater gas has to be freed from sulfur as otherwise 
the hydrogen would take up sulfur from the iron sponge 
and poison the catalyzer. This requires the puri
fication of three volum es of w ater gas, from which, 
as stated, a yield  of only one volum e of hydrogen is 
obtained.

1 Chem. Z tg .. [2] 1906, 758, [1 ] 1907, 324.
‘ Ber., 41, 2282.
3 P aa l recom m ends (U. S. P a te n t No. 1.023,753, of A pril 16, 1912) 

p la tin u m  o r pallad ium  chloride adm ixed w ith  a  neutralizing agen t such as 
sodium  carbonate.

4 Inaugura l D isserta tion , E rlangen, 1911.

The cost of hydrogen made in this m anner is about 
one dollar per 1,000 cubic feet. F ig. 25 shows the 
process as now installed in the works of a large soap

F ig . 25

m anufacturer in England. Figs. 26 and 27 show 
the Lane process installed at a plant near Paris.

A  plant of this type, having a cap acity  of about 
5,000 cubic feet per hour, costs in the neighborhood of 
$40,000.

In the electrolysis of brine to make caustic soda 
and bleach, there exists a by-product of hydrogen 
sufficient in amount to treat an enormous quantity 
of oil. To-day a good portion of this hydrogen is 
allowed to go to waste. E ven tu ally  it m ay be used, 
to some extent at least, for hydrogenation purposes.

Generators for the production of hydrogen and 
oxygen b y  the electrolysis of w ater are furnished by 
the International O xygen Co. One type has an out-

F ig . 26

put of at least 130 cubic feet of hydrogen and 65 cubic 
feet of oxygen, per day, giving about 7 cubic feet of 
hydrogen per kilow att hour. A t two cents a k i l o w a t t  

the hydrogen costs about one-fourth of a cent per 
cubic foot, if one disregards the value of the e v o l v e d  

oxygen.
The electrolytic process is simple and c le a n  and
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is to be recommended, especially for plants of moderate 
requirements.

We have for some tim e used hydrogen gas derived 
in this way and find it suitable for hydrogenation pur
poses without resorting to any extensive purification.

Abroad, electrolytic cells capable of furnishing 
hydrogen at high pressure are obtainable, but are 
very costly.

Very promising m ethods for the production of hydro
gen are: (1) The rem oval of carbon monoxide and

. . .
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hydrocarbons from w ater gas b y  Jiquefaction; (2) the 
decomposition of petroleum  at high tem peratures; 
and (3) the passage of w ater gas and steam  at a tem per
ature of 500° C. over lime containing an iron catalyst.

One of the difficulties m et w ith in the handling 
of hydrogen has been the loss b y  leakage of the gas. 
Under pressure and a t a tem perature of 150 or 200° C., 
hydrogen is surprisingly penetrating. A  treating 
tank having an oil capacity  of about one ton was 
tested to 150 pounds air pressure and found to be 
tight, but when hydrogen was introduced a t 60 pounds 
pressure, the leakage was tremendous.

A stuffing box tested at 120 pounds steam  pressure 
emulated a whistle, w ith hydrogen a t one-half the 
steam pressure. A utoclaves w ith welded seams are 
desirable for high pressure and high tem perature 
work. Moving parts should be avoided as far as 
possible.

U SE S O P H Y D R O G E N A T E D  O IL S

The ability to prepare from  ordinary liquid fa tty  
0lls a fatty body of alm ost an y  desired degree of 
consistency renders hydrogenation especially a ttract
ive in the production of edible fats and soap-m aking 
materials. These are, undoubtedly, two of the most 
important applications, although hydrogenated oils 
are likely to have rather wide use in the arts. In  the 
manufacture of lubricants, for exam ple, the hydro
genated fats may be used to advantage.

HYDROGENATED O IL S  IN  T H E  SO A P IN D U S T R Y

By hydrogenation, oils which form erly made soaps 
on y of soft consistency, now yield  the more valuable 

ar soaps. This has led to a very  rapid develop
ment of the art with respect to the production of soap-

m aking fats. In  particular, fish and whale oils have 
been made use of, because these oils m ay be com pletely 
deodorized b y  the addition of hydrogen.

According to a Japanese chemist, Tsujim oto, the 
odor of fish oil is due alm ost entirely to a fa tty  con
stituent and not to so-called impurities. This fa tty  
constituent is clupanodonic acid having the form ula 
C 18H2SO j, which, therefore, b y  the addition of 8 h y 
drogen atoms, becomes stearic acid. W hen hydrogen
ated down to an iodine num ber of about 50, fish oil 
has the consistency of hard tallow  and the odor of 
fish oil is w holly absent. E ven  the fishy taste is 
scarcely in evidence.

For soap-making, this product is satisfactory as it 
complies w ith the test for a deodorized fish oil suit
able for soap-m aking in th at the odor of the original
011 is not apparent when ironing laundered goods 
on which such soaps are used. If, however, the hydro
genation is not carried on to a point where the iodine 
number is approxim ately 50 or less, there is some 
danger that the fishy odor will become apparent dur
ing the ironing operation.

Crossfield & Sons1 have patented, in some countries, 
the use of hydrogenated oil in the m anufacture of 
soaps. T h ey  claim  the hardened or hydrogenated 
fats have the advantage th at a w eaker brine suffices 
to separate the soap from the glycerine; further, 

•that the soap produced from  such hydrogenated fats 
is exceedingly hard; as, for instance, soap made from 
hydrogenated cottonseed oil is stated to be about
12 times as hard as th at made from untreated cotton
seed oil. This, of course, enables the adm ixture of 
a larger proportion of rosin, which naturally would 
be looked upon as a decided advantage.

In contrast to this, a German w riter3 states th at the 
hardened oils form soaps which are too hard to  give 
good lathering properties.

Since soaps are made alm ost invariably of m ixtures 
of fats, it is under the control of soap-makers to use 
such an am ount of hydrogenated fat as w ould give 
the requisite degree of hardness w ithout sensible dim i
nution in lathering power; hence the foregoing criticism  
seems to be w ithout great weight.

I t  suffices to state th at hydrogenated fats for soap- 
m aking purposes are being made abroad b y  a num ber 
of firms and are giving good satisfaction in m any in
stances. The Germania works a t Em m erich, Germ any, 
offers on the m arket three grades of hardened oil.

In this country satisfactory results are being ob
tained com m ercially in the m anufacture and use of 
hydrogenated oils in soap-making. Several plants 
are operating or planning to operate on the large scale.

E D IB L E  H Y D R O G E N A T E D  O IL S

Since the addition of less than r per cent, of hydro
gen suffices to convert cottonseed oil or other vege
table oils into a fa tty  body of the consistency of lard, 
it follows th at m anufacturers of ordinary lard com 
pounds (that is to say, a m ixture of 80 to 85 per cent, 
of refined cottonseed oil and 15 to 20 per cent, of 
oleo-stearine) have prom ptly turned their attention

1 English P a te n t No. 13,042, of 1907.
2 Seifensieder Ztg., 3 9 , 6 6 0 .
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to the production of the compound b y  a “ self-thickened” 
cottonseed oil.
15 The high cost of oleo-stearine makes the method 
an attractive one and the hydrogenated product 
from cottonseed oil has the advantage, if properly 
made, of being very  stable in character.

W e believe, however, that for best results, it is de
sirable to hydrogenate the entire body of oil to a fa tty  
acid titer of 36 or 38, or whatever consistency m ay 
be required, rather than to take 20 per cent, or so of 
the oil and harden it to a titer of 52 or thereabouts 
and incorporate with unhydrogenated oil.

It  appears that the hydrogenation of the total body 
of the oil, b y  transforming the linoleic and linolenic 
compounds and the like, has a tendency to improve 
the oil as regards its edibility and certainly gives it 
greater stability.

E D IB IL IT Y  O F H Y D R O G E N A T E D  O IL S

It  seems to be generally accepted b y  those who have 
investigated the m atter carefully that the hydro
genated oils have as desirable a degree of edibility 
as the oils from which they are derived. It  is even 
claim ed th at b y  destroying traces of certain unsatu
rated bodies thought to be slightly toxic in nature, 
hydrogenation renders the oil better adapted for human 
consumption.

A  question of serious import has, however, arisen 
in the use of nickel catalyzer. Aside from the fact 
that b y  careless filtration, traces of the suspended 
nickel m ay be present in the product, there is the more 
serious problem of the actual solution of nickel to 
form nickel soaps which cannot be easily removed.

According to Bom er,1 nickel is dissolved b y  oils 
during the hydrogenation treatm ent only when the 
oil contains free fa tty  acid in considerable amounts. 
A  sample of hydrogenated sesame oil containing 
2‘ /a Per cent, of fa tty  acid was found to contain 0.01 
per cent, ash with 0.006 per cent, nickel oxide. W hale 
oil, containing 0.6 per cent, fa tty  acid, yielded 0.006 
per cent, ash and 0.0045 per cent, nickel oxide. Such 
an am ount of nickel presum ably would not be tolerated 
in a product intended for edible purposes.

The Bureau of Anim al Industry of the Departm ent 
of Agriculture is now investigating the m atter and 
apparently intends to determine the relative degree 
of toxicity  of the traces of nickel in the form existing 
in im properly made hydrogenated oil. W e m ay 
add that, so far as can be ascertained, the D epart
m ent looks kindly upon the advent of hydrogenated 
oil in view  of the likelihood th at it is destined to prove 
a very  acceptable substitute for higher priced animal 
fats and does not propose, according to m y under
standing, to venture any ruling until the m atter has 
had protracted scrutiny.

It  is our belief th at the use of nickel in the form 
of an oxide, or the use of nickel catalyzer containing 
more than traces of oxide, is undesirable from the 
point of view  of solubility in oil. Nickel, in the m etallic 
state, cannot combine w ith a fa tty  acid to produce 
a soap, except w ith the elimination of hydrogen, and 
in the presence of an atmosphere w holly of hydrogen,

1 Chem. Rev. F ett.-IIarz.-Ind ., 1912, 221.

because of mass action, such reaction would not be 
likely to take place. On the other hand, nickel in 
the form of oxide would yield  w ater on combining with 
fa tty  acid which w ould be yielded practically  into 
a vacuum  as regards the vapor pressure of water.

Hence it seems to the writer th at in the manufacture 
of products intended for edible purposes, care should 
be taken to m aintain conditions such th at the catalyzer, 
if of the nickel type, is preserved alm ost wholly in 
the m etallic state. Also it is desirable to not force 
the reaction too rapidly w ith the consequent danger 
of breaking down the carboxyl group and setting free 
w ater which would react to produce fa tty  acid.

Finally, it m ay be stated, b y  partial saturation of 
glycerides, we have the possibility of preparing from 
tri-olein the oleo-distearine or the dioleostearine. 
Dioleopalmitin would give either oleostearopalmitin 
or distearopalmitin. From  tri-olein we m ay have 
the two isomeric oleo-distearines, a-and ^-oleo-distearine 
as well as a- and ^-dioleostearine. W hich of these we 
m ay be able to produce controllably and which may 
prove best from the edible standpoint are problems 
for the future to solve.

M o n t c l a ir , N. J .

BORON: ITS PROPERTIES AND PREPARATIO N1
B y E . W e in t r a u b

To the study of the chemical elements attaches a 
twofold interest. Their differences and similarities 
are a constant source of speculation, and any increase 
in the knowledge of their properties is an advance 
toward the discovery of the underlying laws of the 
constitution of m atter. To the practical man the 
elements have the still further interest th at they may 
have some unusual properties capable of technical 
application. A ll would like to learn the properties 
of such elements as uranium, titanium , and a number 
of others, and to know w hat they are good for.

The element boron is interesting from both points 
of view. It has exceptional characteristics— charac
teristics almost unique among elements, and it is also 
capable of practical uses of considerable im portance.

In an article published in the 1909 Transactions of the 
American Electrochem ical Society, Vol. 16, p. 165, the 
methods for the isolation of the element boron and the 
main properties of the element were described. The 
work has been going on steadily since then, mainly 
in the direction of developing the practical applica
tions.

S P E C IF IC  R E S IS T A N C E  O F  B O R O N
Am ong the characteristics of boron, the most in

teresting are those pertaining to its electrical resist
ance. The specific resistance of pure fused boron at 
ordinary temperature is very high, as compared 
to that of other elements which have an y a p p r e c ia b le  

conductivity a t all. Thus a piece of boron, regular in 
shape, two one-hundredths of a centim eter long and 
two one-hundredths of a centim eter square in cross 
section, has a resistance at o° C. of nearly two and a 
half million ohms, or, in other words, xo13 larger than

1 A bstracted  by  \V. R. W hitney  from a  lectu re  presen ted  by  Dr. \Vcin 
trau b  before the  E igh th  In te rn a tio n a l Congress of A pplied Chemistr)* 
New Y ork, Septem ber, 1912.
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pcrature interval is 2oo°-45o° C., the unit of resistance 
ls 5°o ohms.

I he following table gives measurements made on a 
V6̂  sraaH P>ece of boron, which are plotted in Fig. 2.

ree ordinate scales are used, the resistance units 
the'*' I0’°00’ 1,000 ar*d 50 ohms, respectively, and 
6-o°°c^ *'emPcra*:ure interval is room tem perature to

T'U
e co^  resistance is 9,000.000 ohms and the re

FlO. 2

The relation between tem perature and resistance 
is not a simple one, but for small intervals of tem pera
ture it can be assumed th at the drop in resistance is 
proportional to the resistance and the change in tem 
perature, th at is,

A R  =  — « R A T .
A t ordinary tem perature the tem perature interval, for 
which the resistance drops to half value is, as stated 
above, about 17 °; this interval of tem perature in
creases as the tem perature rises, and a t 6000 it is 
about 80 °. This leads to an exponential expression 
for thé resistance which can be used for small inter
vals of tem perature of about 500 w ith only a small 
error.

A  comparison of this behavior of boron w ith th at of 
other m aterials is instructive. It  is generally known 
th at m etals have a positive tem perature coefficient of 
resistance; in other words, their resistance increases 
with tem perature. The m etalloids have a negative 
tem perature coefficient of resistance. Carbon, in its

that of copper at ordinary tem peratures. The ele
ment silicon, which comes next to boron, in resistivity, 
is still separated b y  a. very  considerable gap from  it. 
The specific conductivity of boron at o° is equal to 
about 0.5-0.6 X io -6 reciprocal ohms per cm ./cm 2., 
the conductivity of silicon is 1 .8 , or nearly a million 
times as large as that of boron.

NEGATIVE T E M P E R A T U R E  C O E F F IC IE N T  O F R E S IS T A N C E

This high specific resistance of boron is accompanied 
by a negative tem perature coefficient of resistance, 
which is also unprecedented among elements. The 
resistance of boron drops very  m arkedly as the tem 
perature is increased, and it does this w ith exceptional 
rapidity at ordinary room tem perature. A t  this tem 
perature the conductivity of boron doubles in value 
for every seventeen degrees centigrade, as is illustra
ted by Fig. 1, where the tem perature interval is 27 °— 
450° C. The change in resistance is so great th at it 
is difficult to represent the measurements on one 
curve, so two curves are used. In the first one the 
temperature interval is 2 7°-2oo° C. and the unit of 
resistance is a megohm; in the second one the tem-

sistance at 650° is too small to be represented even 
on the smaller scale of the last curve. A t tempera-

T cm pera tu rc  R esistance
Degrees C entigrade Ohm s

27 775,000
100 6 6 ,0 0 0
170 7 ,700
320 180
520 7
600 4

tures above iooo° the resistance is but a fractional 
part of an ohm.
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amorphous form, has a slight negative temperature 
coefficient, its resistance dropping in the ratio of two 
to one between ordinary tem perature and white heat. 
Silicon again comes nearest to boron, but the gap 
separating the two is again very considerable. R e
sistivity  measurements on specimens of chem ically pure 
silicon have never been made. It  is, moreover, diffi
cult to make consistent measurements on silicon on 
account of its tendency to crystallize in grains of differ
ent size and shape, but some specimens will show a 
drop of resistance as large as one hundred to one 
between ordinary tem perature and the tem perature 
near its m elting point, which is about 1400° C.

R oughly speaking, therefore, between 0° and a good 
red heat the resistance ratio is for carbon, two to one, 
for silicon, one hundred to one, and for boron 106 or 
io> to one.

Am ong compounds there are a large number with 
n egative temperature coefficients of resistance. A  
fam iliar exam ple is the Nernst Glower, which is a 
m ixture of oxides and shows a very great drop in re
sistance w ith rise of temperature, which drop, how
ever, begins, or at least becomes measurable only at 
high tem peratures, 50001 to 6oo° C. The same holds 
true for pure oxides. The drop of resistance of ca l
cium oxide and of copper oxide from measurements 
made by Horton, an- given in the following tables:

T em peratu re Resistance
Calcium  ox ule. ................ 763° 7 X 10»

1011 2 X 10»
H 6S 91

462,400
59 91 ,560

134 12,360
103S 0.02

W hile calcium  oxide shows a drop of resistance only 
at high tem peratures, copper oxide shows a rapid 
drop of resistance around room temperature, and in 
this w ay  is very sim ilar to boron.

The elem ent boron then approaches in its electrical 
behavior more nearly certain compounds than the 
elements. A s was pointed out in another place, it 
is the m agnitude of resistance that determines the 
sign and value of the tem perature coefficient of re
sistance and no fundam ental difference exists in th at 
respect between elements and composite substances.

Fig, 3 shows the relation between the resistance 
o f boron and the w att input. This curve has not the 
theoretical importance of the tem perature resistance 
curve, but is user'til.in connection w ith  practical ap
plications. The general course of the curve is the 
same as that o f the tem perature-resistance curve. 
T h e drop of resistance w ith  w att input is so rapid that 
it is hard to  represent it'o n  one scale even w ith  such a 
small variation of w attage as is embraced b y  the 
curve, nam ely, between 7 and 2$ w atts. The curve 
refers to a small piece of boron in air.

IN F L U E N C E  O F  D IS S O L V E D  E L E M E N T S

The in due i ice of the addition of other elements dis
solved in boron is no less interesting. This influence 
is of extraordinary m agnitude, so that even as small 
an  am ount as c . i  per cent, o f carbon, for instance, 
will increase the cond uctivity  of boron m any fold.

W hen 7-8 per cent, of carbon are dissolved in boron 
the rem arkable characteristics of boron disappear al
together and the m aterial has a con ductiv ity  compara
ble to th at of silicon or even carbon. The law  of varia
tion of the conductivity of carbon w ith the content 
of dissolved m aterial is not established, but the experi
ments, as far as th ey have been carried out, point 
to an exponential curve. These experim ents are as 
difficult as they would be interesting. One of the diffi
culties is the necessity of very accurate chemical anal
ysis as a small error in the analysis would produce an 
enormous change in the curve.

It  is again interesting to compare this behavior with 
that observed in other substances.

W ith metals the opposite case is true; if one metal 
is dissolved in another the resistivity  increases, nnt
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the conductivity. Silver is a  better conductor than 
copper, but addition of silver to copper increases the 
resistivity of the latter. W ith “ p o or”  conductors, 
however, the conductivity of m ixtures is greater than 
that of pure substances. This general behavior of 
poor conductors has been pointed out b y  the author 
previously.

Hand in hand w ith this dim inution of resistivity 
goes the decrease in the value of the temperature co
efficient of resistance. The tem perature c o e ff ic ie n t  

of resistance of solutions of elements in boron is 
still negative, but less so; so th at while the difference 
in specific resistance at ordinary tem peratures between 
boron and its solutions is very  great, this difference 
becomes less and less as the tem perature increases-
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Finally, at high tem peratures, in the neighborhood of 
10000 there is very little difference in the conductivity  of 
boron and the conductivity of dilute solutions of other 
elements in boron; all the resistance tem perature 
curves seem to come together a t high tem peratures.

The reverse phenomenon has been observed w ith 
metals, but leading to the same final result. A  solu
tion of silver in copper is a poorer conductor than 
copper, but the tem perature coefficient of resistance 
which is positive in this case is sm aller than th at of 
copper. A t high tem peratures the two curves will 
probably come very near together.

The rise in resistance, which takes place w ith good 
conductors, the drop in resistance which takes place 
in poor conductors, the above-described connection 
between the tem perature coefficient and the m agni
tude of resistance all suggest the possibility th at at 
a certain very high tem perature all m aterials if pre
served in solid or liquid form would show the same con
ductivity. W hat the value of th at tem perature is and 
what the theoretical significance of it m ay be are ques
tions which will not be discussed here.

For the practical use of boron this influence of dis
solved substances is very  im portant, because one has 
it in his hand to change the specific resistance within 
very wide limits and also to change the tem perature 
coefficient from the enormous value it has in boron 
to a very small value.

VOLT-AM PERE C U R V E  A N D  B R E A K D O W N  V O L T A G E

A consideration of the nature of the curve repre-, 
senting the relation of the current and voltage across a 
piece of boron is of importance. The volt-am pere 
curves of solids have not been used very  much 
m theoretical discussion, for the reason th at they 
have not the fundamental importance of the tem pera-

M-s
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ture resistance curve. The tem perature resistance 
CUne's perfectly definite; the volt-am pere curve will 
'ary with the w ay in which the heat is dissipated. 

IS 1S because a certain volt-am pere product means 
certain watt input which m ay give any tem perature

according to conditions. These curves have, how
ever, been used in the study of gaseous discharges to a 
great extent (Kaufm an) for the simple reason th at in 
this case the volt-am pere curve is the only thing that 
can be determined. In  the study of the volt-am pere 
curve of solids or liquids three cases can be distinguished 
(see Fig. 4). I f  the resistance does not v a ry  w ith the 
tem perature, then the volt-am pere curve is a straight 
line and the tangent is a measure of the resistance (Curve 
I). For a m aterial w ith a positive tem perature co
efficient of resistance (metals, etc.) the curve will be 
convex to the axis of abscissa (Curve II) ; in some 
cases when the tem perature coefficient is large enough 
a part of the curve m ay run alm ost parallel to the axis 
of ordinates (Curve III). In other words, there m ay 
be a region in which a yery  large variation in volts 
corresponds to a very  small variation in the current. 
This case is exemplified b y  iron, w ithin a certain nar
row interval, and also b y  tungsten. P lacing these m a
terials in hydrogen is favorable to this result, as the 
heat dissipation (conduction) a t lower tem perature 
is relatively  more favored than a t high tem peratures 
(m ostly radiation). For a m aterial w ith a negative 
tem perature coefficient the general form' of the volt- 
ampere curve is represented b y  Curve IV . The re
sistance corresponding to O current is represented by 
the tangent of the angle and the whole curve will lie 
between this tangent and the axis of abscissae. This 
is because the volts rise more slow ly than if the re
sistance remained constant. A  few  simple considera
tions will show th at the curve will, in general, possess 
a maximum. From  E =  R I it follows th at

dE =  R d l  —  I [</R].

[<iR] indicates the absolute value of the resistance 
change. F or 1 = 0  one has, of course,

F or low values of current dE  is represented essentially 
b y  R d l which is positive', therefore, the voltage first 
increases w ith the current. H owever, as the current 
increases the second factor, I[dR] becomes more and 
more im portant; since the first factor containing R  
becomes smaller as the resistance drops, a point is 
finally reached where the two are equal. A t this 
point dE  = 0  and the voltage is a m axim um . From  
this point on, I[dR ] will predom inate and the volts 
w ill drop w ith increasing current. The general form 
of the curve is, therefore, th at given b y  IV . It  is seen 
th at for the same value of voltage there correspond 
in general tw o values of current and th at the curve 
consists essentially of two different parts, a rising 
part in which the conditions correspond to stability  
and a falling part which is essentially unstable. On 
this falling part no equilibrium  is possible (unless there 
is external resistance in the circuit w ith  a constant or 
rising characteristic). On constant voltage the cur
rent and the energy input (represented b y  the area 
of the curve) would increase until a condition equiva
lent to a short-circuit w ould take place. The point 
M which separates the tw o branches of the curve and 
which corresponds to the m axim um  voltage possible
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across the resister will, on this account, be called the 
“ breakdown”  voltage.

It is a t first sight somewhat difficult to see w hy the 
breakdown does not occur with ever so small a vo lt
age since the energy introduced into the resister should 
cause a drop in resistance; this in its turn causes an in
creased energy input, and so on. It will, therefore, be 
instructive to derive the existence of a breakdown 
point on the basis of energy relations. It will suffice to 
consider the very simple case in which constant vo lt
age is applied, E. The energy input is equal to

E 2

R ’
and assuming that R  is an exponential function of the 
tem perature the energy input has the value

W  =  ~  E 2 e  “  1

If the tem perature a t which the breakdown occurs 
is low (this is true of boron), one m ay assume th at the 
dissipation of energy takes place only by heat conduc
tion and therefore is proportional to the tem perature 
difference and is equal to A T . A t equilibrium, energy 
input and output must be equal. Hence, equation

f  e “ T  =  A T .

B y  simple reasoning it is easy to see th at this equality 
is possible only when E is below a certain critical value. 
W hen the volts exceed this critical value the equality 
is no longer possible at any tem perature and the input 
will alw ays be larger than the output. This particular 
voltage will correspond to the breakdown voltage. 
If the breakdown occurred at higher temperatures, 
the second part of the equation would contain a term 
corresponding to radiation, but the general conclu
sion would not be changed. Nor will it be m aterially 
affected if the resistance-temperature function is not 
exactly  exponential.

The form of the curve discussed up to the present 
is characteristic of boron itself and all similar m a
terials which have a very large negative coefficient of 
resistance. According to the value of this tem pera
ture coefficient and also to the values of the constants 
C and A  (nature of the surface, of heat insulation) the 
curve m ay assume different forms. A fter the m ax
imum voltage corresponding to M is reached the vo lt
age m ay drop only very  slightly or move along a hori
zontal part giving a constant Voltage w ith varying 
current (Curve ■V) and finally the m aximum voltage 
m ay lie a t very  high tem peratures so that the falling 
part of the curve is not reached a t all in ordinary work. 
In this case the curve is constantly rising, alw ays re
maining concave toward the X  axis. The same form 
of volt-am pere curve m ay be obtained b y  combining a 
resister w ith a positive tem perature coefficient and one 
w ith a negative tem perature coefficient of resistance, 
in series or in multiple.

These theoretical conclusions are illustrated b y  the 
following curves which are the result of actual meas
urements made on boron and on boron w ith a small 
percentage of carbon. Fig. 5 gives a volt-ampere 
curve obtained from measurements on a small piece

of pure boron in air. The contents were made by 
fusing on platinum  wires. The first part, from o up 
to the maximum, rises very rapidly. The tangent of 
the angle this part forms with the axis of abscissa, 
gives the resistance of the m aterial a t room tempera
ture. A t 400 volts the breakdown voltage is reached.
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The current corresponding to this part is only about
0.004 of an ampere. A fter the breakdown occurs the 
current rises and the voltage drops very  rapidly.

I n  Fig. 6 the same measurements are r e p r e s e n te d  

but the part of the curve around the breakdown point 
is shown on a different scale.

Fig. 7 shows the volt-ampere curve of boron con
taining a small percentage of carbon. The b r e a k d o w n  

voltage is lower, only about 80 volts in this particu
lar case, but the general course of the curve is the 
same, except that the whole curve is lower.

Fig. 8 shows the time interval before the m a te r ia l 

breaks down at different impressed voltages. W ith  

this particular piece the breakdown voltage is a b o u t 

85. As the voltage is gradually raised above this value 
the m aterial breaks down after an interval which is 
the smaller the higher the voltage applied, until at 
140 volts the breakdown is practically  i n s t a n t a n e o u s .

O T H E R  P R O P E R T IE S  O F B O R O N  

Boron is very  hard. T h at would be expected, from 
the fact that boron carbide is a very  hard material- 
Moreover, both boron and boron in which small p er

centages of other elements are dissolved can be p re

pared in a form in which they are tough to a certain ex
tent, and in that w ay t h e y  d i f f e r  f r o m  c a r b o r u n d u m  and
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other artificial hard materials. The com bination of perfect polish. These methods have now been de-
these properties make possible their use for small bear- veloped and m eter jewels obtained, a large percent-
ings, such as meter jewels and for similar applica- age of which are equal to diamond as to life and as to

constancy of friction.

F ig . 6

tions. It has been, however, necessary to develop 
methods which would m ake a perfectly homogeneous 
material devoid of porosity and capable of taking a

CA ST C O P P E R

Boron sub-oxide, a by-product obtained in the m anu
facture of boron, can be used for obtaining high con
d u ctiv ity  cast copper. Copper cast w ithout additions 
is full of pores and blow-holes, and therefore, m echan
ically unfit and of very  low electric co n d u ctiv ity ; the re
m oval of the gases from copper by the known deoxid

izers is liable to give an alloy containing a small 
am ount of deoxidizer, an am ount sufficient, however, 
to lower the conductivity of the copper very  consid

F ig . 8

F i g . 7
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F]
ten t and once developed in case of boron have shown 
them selves capable of applications in other fields.

The starting point in the preparation of technically 
pure boron is the reaction which has been studied be
fore, the reaction between boric anhydride and m ag
nesium or alkali metals. This reaction gives different 
products according to the relative weights of the sub
stances em ployed, the temperature, and so forth. 
One interesting product obtained under certain con
ditions is boron sub-oxide of the approxim ate formula 
B ,0 . U nder other conditions a product consisting 
o f boron and magnesium boride is obtained. D e
tailed description of this reaction can be found in the 
article of 1909, in the Transactions 0} the American

thing is heated up the voltage is changed to about 
2200 volts, the current to 50 amperes. A fter a while 
it is possible to reduce the voltage to 500 volts D. C. 
and increase the current to the desired value; by . 
using 200-300 amperes it is possible to melt down a 
few pounds of boron a t once.

Fig. 9 shows the small furnace used for some time 
but now replaced b y  a much bigger one. In this size 
of furnace only about a pound of boron can be melted 
in one operation. The iron hood can be moved up and 
down and through it hydrogen is flowing. Inside is a 
water-cooled copper cup containing the boron sub
oxide powder. Through the top a water-cooled cop
per terminal passes and is insulated from the hood.

erably. Boron sub-oxide, however, has the property 
of deoxidizing copper w ithout combining w ith it, as 
boron sub-oxide has no affinity for copper. Tons of 
copper are cast now b y  this process, im proving the 
qu ality  of the product and at the same time cheapening 
it.

M E T H O D S O F  P R E P A R A T IO N  O F B O RO N

A  brief description of the methods used to produce 
pure fused boron, also technically pure m aterially in 
quantities, and to bring boron into definite shape, m ay 
be of interest. The methods are novel to a large ex-

Electrochemical Society, Vol. 16, p. 165 (Oct., 1909). 
This boron sub-oxide or magnesium boride com
pound is decomposed and the resulting boron melted 
in an arc. A s boron sub-oxide is practically  an insu
lator a high potential arc is used. Boron sub-oxide 
in a copper cup forms one electrode, the other is formed 
b y  a water-cooled copper electrode. The fusion takes 
place in an indifferent atmosphere, such as hydrogen. | 
The arc is started w ith the two electrodes a certain 
distance apart b y  means of a high voltage, say 15,000 
volts, delivering a relatively small current; when every- I
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A window is provided through which the operation 
of the furnace can be watched. The high voltage 
transformer and busbars conveying 2000 volts— (50 
amperes and 500-700 volts— 300 amperes, respect
ively)— are shown to the left of the furnace.

In this way it was found a t first impossible to m ake 
absolutely pure boron. A s long as the im purities are 
boiling out of the boron there is no danger of con
tamination with the m aterial of the upper electrode; 
but when the state of p u rity  of boron is approached 
the danger becomes considerable, and one has to stop 
a little short of absolute purity. W ith  great care a 
material can be obtained containing about 99 per cent.

IJ 3

purposes th ey are apt to contam inate the m aterial to 
be treated. T h ey  do not give a clear heat, th at is, 
high tem perature and nothing else. The new furnace 
is based on the use of a m ercury electrode. It is a 
m ercury arc furnace in an indifferent atmosphere.

Another m ethod for m aking boron was developed 
before this one, and is capable of giving absolutely 
pure boron but is not as well adapted for producing 
large quantities. This m ethod takes for its starting 
point boron chloride. If boron chloride is brought 
together w ith hydrogen a t a high enough tem pera
ture it is reduced to boron and hydrochloric acid. A ll 
the m aterials taking part in the reaction are gaseous

°r°n. The average product will perhaps be not more 
than 97 to 98 per cent, boron. This product is good 
or some applications, but not for others.

It was necessary to develop an arc furnace in which 
no impurities at all would be introduced, either by 
chemical combination or mechanical adm ixture of 

e Pr°duct of disintegration of the cooperating elec
trode. This has been accomplished and a furnace 

as been constructed in which practically  any ma- 
wial can be melted down w ithout introducing the 

lightest impurities into it. Most of the known arc 
urnaces use carbon electrodes or water-cooled me- 
a >c electrodes, and while th ey are excellent for some

Fig. 10
except boron itself. A s boron chloride can be made 
very  pure and the slight im purities th at m ay be in 
it are not reduced by hydrogen, the product is chem 
ically pure boron in the most accurate sense of the 
word. If boron in the form of powder or lumps is 
w anted the reaction is carried out in an arc discharge 
between copper, or better, boron terminals. For 
practical applications (for m aking regulators, cu t
outs, m eter jewels) where a deposit of boron is wanted 
the gases are passed into a vessel in which a filam ent 
or plate is brought to incandescence b y  current.

The apparatus used is shown in Fig. 10. The h y 
drogen, freed from oxygen and dried in the usual w ay,
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passes through liquid boron chloride which is kept 
a t a definite tem perature and the mixture passes then 
through the vessel on the left, where it is caused to re
act b y  the incandescent body. The procedure is 
modified in case it is desired to deposit a definite 
am ount of born. A  vessel of definite dimensions is 
then filled w ith boron chloride and hydrogen of definite 
pressure.

S H A P IN G  B O RO N  

The arc furnace delivers irregular lumps of boron. 
Starting w ith these, the problem is to make a rod of 
boron. Casting in a mold is excluded because the

Feb., 1913

terial is to be used for the envelope';' The tempera
ture must be high around 2300°. A t th at tempera
ture the m aterial must not have an appreciable con
d uctiv ity  or else it would take current itself, but 
above all it m ust not attack  boron. Boron is very 
active at high tem peratures and attacks practically 
everything known, all oxides included. The solu
tion of the difficulty was found in the use of a boron 
compound— boron nitride, a substance described in 
all books of chem istry, but whose physical properties 
have not been well known. It  is infusible, even at 
the tem perature at which tungsten melts. More than

T H E  J O U R N A L  OF  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

F i g . 11

m elting poin t of boron is about 23000 C. It was found 
impossible to agglom erate the very hard boron b y  mere 
compression. The use of binding m aterial would 
introduce, im purities; but even if the m aterial were 
agglom erated, the subsequent sintering b y  current 
would be a difficult m atter on account of the large 
negative tem perature coefficient resistance of boron. 
T he current has a tendency to concentrate in lines 
w hich happen to have a higher conductivity; streaks 
develop, causing m elting through in points before the 
whole mass is sintered. It was necessary to surround 
the boron w ith an envelope which would equalize the 
tem perature and preserve the shape. B ut w hat ma-

that, boron nitride is a very poor electrical c o n d u c to r  

at high temperatures, much poorer than any other 
known insulator. For instance, a small disc of mag
nesium oxide ‘ / 8 inch thick passed in some of the 
tests an appreciable current a t 8000 C. with no 
volts applied. A  disc of boron nitride of the same 
dimensions heated at 1200° C. and put across 50° 
volts gave no measurable current. These two proper
ties, infusibility and high insulating power at high 
temperatures, make it the ideal substance for an en
velope in sintering boron. One more thing is neces
sary in order to make the sintering furnace com
plete; it is necessary to insure good contact between
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the boron powder and the electrodes which conduct 
the current to it. This w as done b y  applying pres
sure, and so a new typ e  of furnace was developed, 
the “ boron nitride sintering furnace.”  W ith  this 
furnace not only boron, but also boron carbide, 
tungsten, and a large num ber of other m aterials 
have been formed into rods. On account of the in
ertness of boron nitride alm ost any refractory m a
terial can be sintered in this furnace, and it is difficult 
at present to foresee all the possibilities of tkis fur
nace in the direction of sintering m aterials or com bin
ing materials at elevated tem peratures under high 
pressure.

Of course, in order to use boron nitride in this fur
nace, methods had to be developed for m aking boron 
■nitride relatively cheaply and in large quantities. 
Fig. 11 shows a small size boron nitride furnace.

Due credit is given to the men of the W est Lynn 
Research laboratory of the General E lectric Co. who 
ably assisted in this work— G. W ejntraub (work on 
the arc furnace, on the boron nitride furnace, etc.),
H. Rush (designing of boron nitride furnace), E . K raus 
(boron chloride reaction), F. W . L yle  (development of 
applications of boron to electrical engineering) and F. 
Kroner (copper casting). To them  the success of this 
investigation is largely due.

Research  L a b o r a t o r y , G e n e r a l  E l e c t r ic  Co .
W e s t  L y n n , M a s s .

ACETYLENE SOLVENTS1

B y  J o s e p h  H .  J a m e s

The rapidly advancing price of acetone m akes it 
desirable to have com m ercially available a  solvent th at 
can be obtained in an y qu an tity  and which shall not 
advance in price abnorm ally.

To determine the relative industrial value of various 
acetylene solvents, a number of laboratory tests and 
large scale experiments were made. The purpose of 
this paper is to report the results of this work.

The acetylene used in the laboratory tests w as made 
from commercial carbide in an ordinary “ Carbide to 
water laboratory generator. I t  was purified to re- 
move ammonia, sulfur compounds, and phosphorus 
compounds, by passing through a purifying train  con
sisting of the following: (1) a ten per cent, sulphuric 
acid solution, (2) a fifteen per cent, hydrochloric acid 
so ution saturated w ith m ercuric chloride, (3) two 
towers, each containing approxim ately equal parts 
0 a mixture of bleaching powder and slaked lime,
(4 ) slaked lime, (5) two towers of fused calcium  
chloride.

In order to get as closely as possible at the true fig- 
Ure or t|le absorption of acetylene in an y of its sol
vents, it is necessary th at the gas be free from  im puri
ties and that the solvents be of the highest p u rity  at- 

bil>a ^  ^  ^aS k een dem onstrated th at the solu- 
■*! y r̂oPs off rapidly when im purities are present, 
' er in gas or solvent. T o  get the highest com- 

se?rC'a e®c>ency it will p a y  to  p urify  the gas and 
ec solvents of highest purity. Care w ith  reference

tute of ci?1 p.re^ n*ec* th e  F if th  A nnual M eeting of th e  A m erican In s ti-  
erajcal Engineers, D etro it, D ecem ber, 1912.

to the p urity  of gas and solvent is a t present not given 
the attention in this industry th at it deserves.

The detailed m ethod of carrying out this absorption 
test was as follows:

A  carefully measured volum e of the solvent (usually
1 .5  cc.) was placed in an ordinary five inch side neck 
test tube, fitted through a two-hole rubber stopper 
w ith  a glass tube gas inlet, and a therm om eter, the 
bulb of which w as immersed in the solvent.

This tube w ith  solvent was immersed in a freezing 
m ixture (ice and salt) and cooled to — 18° or — 19 0 
C. before starting. The purified gas circulated through 
a four foot coil immersed in the freezing m ixture, 
thus bringing the gas to the tem perature of the sol
vent.

The acetylene was bubbled through the absorption 
tube a t the rate of about one bubble per second. 
Since volatile solvents are appreciably vaporized dur
ing this process of saturation, the exit gas and vapor 
in each case w as passed through an ordinary potash 
bulb containing 95 per cent, alcohol; thus the amount 
of vaporized solvent w as determ ined and proper cor
rection made on the volum e of solvent actually  used. 
In  tw elve m inutes the amount-of solvent usually taken 
was com pletely saturated w ith the gas at. atm ospheric 
pressure; pressure and tem perature were alw ays 
noted. The exit of the absorption tube was then con
nected to a similar tube two-thirds full of saturated 
calcium  chloride solution which in turn had been 
saturated w ith acetylene. The calcium  chloride was 
connected to an ordinary Hempel measuring burette 
(the liquid in the latter also being a saturated solu
tion of calcium  chloride subsequently saturated w ith 
acetylene).-

The purpose of the calcium  chloride was to absorb 
an y solvent vapor th at m ight be carried out in the 
evolution of the gas, and w hich would otherwise be 
measured w ith  the gas giving too high a result. The 
saturated calcium  chloride solution has a very  low 
absorptive capacity  for acetylene and it has been 
proved th at it condenses and absorbs com pletely the 
vapors of each of the solvents tested. The efficiency 
of the saturated calcium  chloride as an absorbent for 
the vapor of the various organic liquids used for 
acetylene solvents w as dem onstrated b y  boiling the 
solvents, and passing the vapor into such an absorbent 
tube, when the absorption was found to be com plete. 
In several of the experim ents noted below, evolved 
gas from  the measuring burette was bubbled back 
through a “ p o tash ”  bulb containing 95 per cent, 
alcohol, b u t no trace of solvent was found.

Gas evolution begins soon after the absorption tube 
is rem oved from  the freezing m ixture. W hile the sol
vent w as saturated a t — 18o C. usually, to guard against 
the possibility of the solvent not being saturated a t 
the place taken as the starting point, the readings were 
not noted until the tem perature of the solvent had 
risen to — 100 C. The gas evolved from  a known 
volum e of the solvent, saturated a t — 100 C. (since if 
gas is evolved between — 18 0 and — 100 it m ust be 
saturated a t — 10o C.) up to 300 C. is then measured, 
the figure obtained being recorded in each of the de



The reason for selecting — io °  C. as a point at which 
the absorptions were determined, was th at in com
mercial practice it is very  easy to cool the containers 
to this tem perature. The 30 ° C. figure was obtained

F ig . I — A c e t y l e n e  i n  A c e t a l d e h y d e  S o l v e n t  

Candle powfer during  discharge w hen burn ing  tw o "V * cu. f t .”  acetylene burners
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J M G . 1 1 — a c e t y l e n e  i n  a c e t a l d e h y d e  ¡ S O L V E N T  

P ercen tage so lven t v ap o r in gas a t  various p o in ts  of discharge, bu rn ing  tw o  " V 4 cu. f t .”  acety lene burners

terminations noted below. The readings are given 
as actually  obtained under the pressure and tem pera
ture conditions of the laboratory, and this gas volum e 
is reduced to o° C. and 760 mm. pressure.
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for the reason th at w ith  this data the behavior of the absorption value of acetone far exceeded th at of any
solvent could be predicted in practical use, where the solvent studied previously, and some prelim inary
gas is rarely evolved a t a tem perature above 30 0 C. skirmishing among organic liquids soon led to the view

F i g . I l l — A c e t y l e n e  i n  A c e t a l d e h y d e  S o l v e n t  
V ariation  of candle pow er w ith  percen tage  so lven t v ap o r in gas w hen bu rn ing  tw o  "V * cu. f t . ”  ace ty lene  bu rn e rs

Pressure *?I° ‘ I V — A c e t y l e n e  i n  A c e t a l d e h y d e  S o l v e n t
recorded by  tan k  gauge du ring  discharge, bu rn ing  tw o  " V i  cu. f t ."  bu rners . Jag s  in cu rve  show  recovery  of p ressure  a fte r sh u ttin g  off gas

l a b o r a t o r y  r e s u l t s  th at the absorption of acetylene in acetone and other
e Work of Claude and H ess1 had shown th at th e  carbonyl compounds is p artly  chem ical, in the sense

rend., 124, 626. th at a chemical reaction or a partial reaction takes



place between the molecules of the absorbent or sol- a ctiv ity  here is quoted in support of von Baeyer’s
v e n t  a n d  molecules of the acetylene. It  is well known “ Strain Theory.
Io organic chemists that the carbonyl group is a very  W ith  the conception then, th at the carbonyl group
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F i g . V — A c e t y l e n e  i n  A c e t o n e  S o l v e n t  

Candle power during  d ischarge when bu rn ing  tw o  "V * cu. f t .”  acety lene burners

reactive point in the molecule of m any carbon com- 
pounds, in fact this indicates a condition of strain be
tween the carbon and the oxygen, and the ready re

in acetone is the reactive point, and th at a chemical 
action of some kind takes place, the solvents noted 
below were tested. The results establish p retty  clearly

F i g . V I — A c e t y l e n e  i n  E s t e r -K e t o n e -A l d e h y d e  S o l v e n t  

Candle power during  discharge, bu rn ing  tw o “ 3/» cu. f t .”  acety lene b u rners
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that there is a close relation here between the struc
ture and the absorption capacity  of a given com-

Ta ble  I— S o l u b il it y  o f  A c e t y l e n e  a s  D e t e r m in e d  b y  P r e v io u s  
O b s e r v e r s

Acetylene 
dissolved 

T em pera tu re , b y  1 vol.
Solvent Degrees C. so lven t O bserver

Acetone............................ ___  15 25 Claude & Hess
Acetic acid...................... ___  18 6 B erthe lo t
Alcohol............................ ___  18 6 B erthc lo t
Benzoline (gasoline).. . ___  18 4 B erth e lo t
Chloroform...................... ___  18 4 B erthe lo t
Paraffin oil...................... --- 0 1 E . M üler
Paraffin oil...................... -----  18 1.5 B erthe lo t
Carbon bisulphide........ ___  18 1 B erth e lo t
Olive oil........................... 0 .4 8 F uchs & Schiff
Carbon te trach lo ride ..,..... 0 0 .25 N ieuw land

Ta bl e  I I— P r e l im in a r y  W o r k  o n  S o l u b i l i t y  o f  A c e t y l e n e

(Figures refer to  volum e absorbed a t  - 
to standard conditions)

-10° C., b u t  volum es are n o t reduced

A cetylene
S olvent dissolved
Boiling b y  one vol.

p o in t so lven t
Name ° C. a t  — 10° C. R em arks

Ethyl m ustard o il............... 131.5 3 .2
Ethylidine cy an h y d rin .. . . 183.0 2.8
Acetoacetone......................... 137° 10.2
Benzophenone, 1 g ram  dis- S a tu ra te d  a t  12®

solvcd in 23 cc. aceto C., 1 .7  volum es
phenone............................. absorbed

Methyl propyl ke tone ........ 102.0 14.8 If A crystalline  com 
Butyric aldehyde................. 74 10.3 pound  o f ace ty l
Acrolein.................................. 52 2 2 .6  -j ene and  acrolein
Propionaldéhyde.................. 4 8 .9 24 .2 form s during  ab 
Acetaldehyde........................ 21 54 1 sorption .
Acetaldehyde, 50 p er cen t ]

by volume
[ 36 42 .2Acetone, 50 per cen t, by  I

volume
Acetaldehyde, 50 p e r I

cent, by volume
I 4 3Ethyl acetate, 50 per 40 .2

cent, by vol. J
Acetaldehyde, 50 p e r 1

cent, by vol.
[ 32 31.1Propionaldehyde, 50 per |

cent, by vol. ! ' -

“ Carbonyl th e o ry ” is not a com plete enough one.
There is also a relation in a g iven  series, usually, be

tween the molecular w eight and the absorptive capacity.
The figures obtained are arranged in the preceding 

tables, the values determ ined for acetone and certain 
other organic liquids b y  previous observers being given 
for comparison.

SU M M A R Y  O F L A B O R A T O R Y  R E S U L T S

A  study of the figures obtained establishes pretty  
conclusively th at of all the liquids tried, those organic 
com pounds containing the carbonyl group are the best 
solvents for acetylene. W e m ust exclude the organic 
acids, as the presence of the free h ydroxyl hydrogen 
seems to w ork counter to the chem ical action 
upon which the rem arkable solubility seems to de
pend. T h at the “ carbonyl th e o ry ” is not satisfac
tory  in every respect is shown b y  the high figures ob
tained for m ethylal and acetal. Their peculiar action 
seems to require the assum ption of quadrivalent o x y 
gen for an adequate explanation.

Further, the figures clearly establish th at in a given 
series the absorption of acetylene is greater the lower 
the m olecular w eight of the compound. The above 
experim ents had in view  the selection of a solvent 
th at could be used industrially. Since the esters and 
acetals are out of the question industrially, requiring 
two and three m olecular units per molecule of product, 
respectively, it w as decided to try  some larger scale 
experim ents w ith  acetaldehyde, m aking comparisons 
w ith  other solvents in com mercial use. The am ount 
of acetylene absorbed increases under pressure ap
proxim ately according to H enry’s Law , so the above 
laboratory results can be used to predict p retty  closely 
w hat will be absorbed under the pressure used in the 
acetylene storage industry.

L A R G E  S C A L E  E X P E R IM E N T S

In this series acetaldehyde of between 99 and 99.5

Ta b l e  I I I — A b so r p t io n  F ig u r e s  on A c e t y l e n e  S o lv en ts  

c c .  A c e t y l e n e  E vo lved
Co r r ec ted  Vo lum e  
A c e t y l e n e  E vo lved

So lv en t P e r cc. so lvent P e r cc. of so lvent

A v e r a g e 1
A b s o r p 

t io n

Boiling
p o in t

C.

Barom --

*{
Name

Acetaldehyde, c . p ...........................  20

Methylal, c. p .................................  45 .s  j

Acetal, c. p ..........

Methyl formate, c. p ..................... 32 .3

Ethyl formate, c. p.......................  54 .5

Isoamyl formate, c . p ..................  123.0

Methyl acetate, c. p ...................... 5 7 .5

Ethyl acetate, c. p ........................ 77 #0

Isoamyl acetate, c. p .................... 139,o

1 Average from preceding column.

cjoOT doOT

— 10° C. L ab o ra to ry e te r — 10° C. P e r cc.
Cc. to to  b. p t.

ÜoOT

to  b. p t. tem p era  read- —  10° C. to  b . p t. of so lven t
used 30° C. of so lven t to  30° C. of so lven t tu re  °C. ing. m m . to  30° C. of so lven t a t — 10° C.
0 .7 6 5 0 .4 66 .3 2 3 .0 745 5 9 .9
0 .81 5 2 .6 6 5 .0 22.0 745 58 .8 60 .2
1 .44 98 .8 68.6 21 .5 742 62.1
1 .0 4 5 .2 60 .3 45 .2 60 .3 25 .8 735 3 9 .9 53 .3

54 .31 .0 45 .4 6 2 .4 4 5 .4 6 2 .4 2 5 .4 735 40 .1 5 5 .2
1 .0 2 0 .4 30 .7 2 0 .4 30 .7 18.8 742 18.7 2 8 .8 2 8 .8
1.5 7 0 .8 81.5 4 7 .2 5 4 .3 2 5 .6 742 42 .1 48 .5 4 8 .41.5 6 9 .4 8 0 .9 4 6 .2 53 .9 23 .5 738 4 1 .4 4 8 .2
1.5 46 .1 71 .1 3 0 .7 4 7 .4 24 .5 738 2 7 .4 4 2 .3

42 .21.5 4 6 .0 7 0 .8 3 0 .6 47 .2 2 4 .4 738 2 7 .4 4 2 .0
1.5 15.6 3 0 .0 10.4 20.0 2 3 .2 739 9 .3 17.9 17.51.5 15.9 28 .7 10 .6 19.1 2 3 .8 739 9 .5 17.1
1.5 61 .3 82 .8 4 0 .8 55 .2 2 2.2 735 3 6 .6 49 .5

52 .31.5 61.1 91 .5 40 .7 6 1 .0 2 1 .4 738 3 6 .6 5 5 .0
1.5 4 8 .9 7 2 .6 3 2 .6 4 8 .4 18 .4 742 2 9 .9 4 4 .4

44 .51 .5 4 8 .4 71 .8 32 .3 4 7 .9 17.2 742 2 9 .6 4 4 .6
1.5 2 8 .8 4 6 .0 19.2 3 0 .6 2 3 .4 739 17.2 27 .5

29 .31.5 2 9 .0 51 .7 19.3 34 .5 2 1 .8 738 17.4 3 1 .0

P und for acetylene, although the figures obtained 
met ylal and acetal w ould indicate th a t the

per cent, p u rity  w as used as the solvent in a regular 
6 X 2 0  inch acetylene storage tank, such as is com m only
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used on automobiles, in order to make comparisons w ith 
solvents in industrial use as to the amount of gas ab
sorbed, the candle power of the light given on burn
ing the gas from the tank, the loss of solvent, etc. 
T he other solvents were c. p . acetone and a com plex 
m ixture of organic liquids, which is used as a solvent 
for acetylene, and which will be referred to in the ac
com panying curves as ester-ketone-aldehyde solvent 
since it undoubtedly owes its absorbent power to the 
presence of bodies belonging to these three groups.

Probably the most im portant point of comparison 
is brought out in the curve for each solvent where 
the candle power a t various times of the discharge 
is shown; a striking difference between the volatile 
and the non-volatile solvents appears here. W ith  the 
non-volatile solvents there is little more than an 
hour’s warning before the gas is gone com pletely, 
while w ith the volatile acetaldehyde solvent there is an 
interval of from four to six hours in length from  the 
first warning and the “ going o u t”  of the light. W ith  
the acetaldehyde, there is a round black spot in the 
flame th at makes its appearance at about the 35 
candle power point of the curve, and the size of this 
spot increases as the candle power drops, its appear
ance giving about six hours warning, where tw o 
Y2. cu. ft. burners are being used.

The loss of solvent, which runs in common practice 
w ith  the nonvolatile solvents from 4 to 6 ounces for 
each discharge of the tank, was a fraction over 12 
ounces in the acetaldehyde experiment, where the 
evolution of the gas was pushed to the limit, and would 
undoubtedly run about 8 ounces in industrial use.

A t  first glance it appears rather surprising th at 
the drop in candle power w ith the increase of solvent 
vapor in the gas is not greater. For example, it is 
seen from the curve where candle power is plotted 
against per cent, of solvent vapor in the gas, th at when 
the solvent vapor has increased to 80 per cent, the 
candle power is still above 20. I t  has been noted by 
other observers th at diluents lower the candle power 
of acetylene more rapidly, the lower the flame tem 
perature of the diluent. Since acetylene has a heat 
of 313.8  cals. per gram  molecule, and acetaldehyde 
has 279.2, we have a satisfactory explanation of the 
action of the diluent in this case; the calculated tem 
perature of the hottest part of the oxy-acetylene flame 
is in the neighborhood of 40000 C. and th at of the oxy- 
acetaldehyde flame is above 34000 C.

The aldehyde vapor is a good diluent also for the 
reason th at the volum e of air or of oxygen required 
for its combustion is theoretically exactly  the same 
as th at required for acetylene, so that there is scarcely 
a n y  change in the shape of the flame, as the'percentage 
of aldehyde vapor increases.

These tw o facts, the high heat of combustion and 
the equ ality  of the volum e of air or of oxygen needed, 
m ake for an advantage in the use of acetaldehyde as 
a solvent for acetylene to be used in welding and cu t
ting  operations. In  an emergency repair job in a re
m ote locality, in case the gas gives out, the work can 
be finished b y  drawing on the volatile solvent for the 
com bustible.

Long observation has shown th at the figures at
tained in industrial practice w ith the non-volatile sol
vents noted above, average 37 ounces acetylene in 
85 ounces solvent, a t a tem perature of 70° F. and a 
pressure of 250 pounds gauge. In  this experiment 
w ith acetaldehyde as the solvent, 48 ounces of acetyl
ene were absorbed in 82 ounces of solvent, with the 
gauge standing at 265 when the tem perature rose 
to 700 F . This figure shows th at acetaldehyde is a 
liquid th at has a superior absorbent power for acetylene; 
in fact, the author ventures the statem ent that this 
experim ent shows an am ount of acetylene greater 
than has ever before been stored in a given volume 
of solvent.

C O N C L U S IO N S

I. A cetaldehyde fulfils the industrial requirements 
for an acetylene solvent.

II. The vo latility  of acetaldehyde can actually be 
turned to advantage.

III . Since acetaldehyde can be made in one chem
ical operation directly from denatured alcohol, we 
have here a source of supply of an acetylene solvent 
which will not increase in price, but which will un
doubtedly become cheaper as im proved methods of 
agriculture m ake it possible to produce denatured 
alcohol cheaper.

Acknowledgment. —  I am  indebted to- m y former 
student assistants, Messrs. E . P. Poste and E. VJ. 
Gardner, for their help in takin g readings and making 
records in the above experiments. I wish also to ex
press m y thanks to Dr. H. S. Hower, of the Physics 
Department, Carnegie Institute of Technology, for 
assistance in taking the candle power readings and for 
the loan and standardization of the Brodhun Portable 
Photometer, which was used in the photom etric part 
of the work.

Ch e m ic a l  D e p a r t m e n t  
Ca r n e g ie  I n s t it u t e  o f  T e c h n o l o g y  

P it t s b u r g

TESTS ON THE OPACITY AND HIDING POWER OF 
PIGMENTS1

B y  G. W . T h o m p s o n

In the discussion of paint problems, certain terms 
are often used w ith such different meanings that 
great confusion has resulted. Thus, the word “ cover
ing pow er” is defined in three or more different senses 
b y  Dr. D udley in his articles in the “ Railroad and 
Engineering Journal" running in the issues .of 1890 
to 1893; and the word " b o d y ” has so m any differ* 
ent meanings th at hardly two persons consider it as 
referring to the same thing. For this reason, it seemed 
desirable to Committee D i of the Am erican Society 
for Testing M aterials th at the use of these two terms 
should be discouraged and th ey  have substituted 
tw o simpler terms to cover the more usual uses of 
these words. These terms and their definitions are 
as follows:

Hiding Power.— The power of a paint or paint ma
terial, as used, to obscure optically  a surface painted 
with it.

1 P aper presented a t  th e  F if th  A nnual M eeting of th e  A m e r ic a n  Insti
tu te  of Chemical Engineers. D etro it, Decem ber, 1912.
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Opacity.— The obstruction to the direct transm is
sion of visible light afforded b y  an y substance, com
parison being made w ith sections of equal thickness. 
The opacity in the case of pigm ents should be consid
ered as referable to their opacity  in a vehicle under 
standard conditions.

The distinction between opacity  and hiding power 
should be evident in the study of these definitions. 
Opacity refers to tests made under standard condi
tions; and hiding power refers to tests m ade of paints, 
etc., as they are used. The .distinction becomes 
clearer when considered w ith  reference to a paint, the 
opacity of which is measured w ith  a standard th ick
ness of paint, while in the case of the hiding power 
the thickness of the paint will v a ry  according to the 
spreading rate at which the paint is applied.

In many laboratories, tests for opacity  have been 
conducted on the assum ption th at w hat is known as 
the strength or tinting strength of a pigm ent is a meas
ure of its opacity. From  numerous tests w hich we 
have made, we have come to the conclusion th at 
strength is only an indication of opacity, and that, 
working on pigments of the same composition, it is 
not safe to assume th at the strength of the pigm ent 
is a measure of its opacity. B y  strength or tinting 
strength we mean here:

"The relative power of coloring a given qu an tity  of 
paint or pigment selected as standard for com parison,” 
which is the definition agreed upon b y  Com m ittee D i 
of the American Society for Testing M aterials. Much 
heated discussion has appeared in the Farben-Zeitung 
during the last year or more as to w hether strength 
is proportional to opacity. U nfortunately, these 
discussions are largely academ ic and not based on 
practical or accurate tests. A s far as the discussions 
have gone, it would appear th at th ey have not led 
to any definite conclusion.

Without going into the question of the tinting 
strength of pigments in this article, we propose to 
discuss a method which we have developed for the 
measurement of the opacity  of pigm ents and paints 
and which will serve, we hope, to some extent, a t least, 
to clear up one phase of this subject.

In developing a m ethod for the determ inations of 
the opacity of pigments, it has been impressed upon 
us that opacity should never be measured in terms 
°f weight. This has been brought out b y  Dr. D udley 
and by some of the disputants in the Farben-Zeitting, 

u t 's not as generally recognized as it should be. It 
seems to us that there can be no question that, 
in all comparisons of opacity, the relative volum e of 

e pigment should be considered and th at a standard 
0 0Pacity should be based upon a definite volum e of 

e pigment placed in a definite volum e of a menstruum. 
? of comparing pigm ents for opacity  b y

We>g t is evident where these pigm ents v a ry  in their 
2  as most pigments of different compo-

in comparing pigments or paints for opacity, we 
vh CT PeUed to rec°gm ze th at it is som ewhat of a 
meysi° °£*cal problem. W e really have no good 

eans of detecting differences in light except in the

sensations th ey produce upon the retina of the eye. 
Photochem ical and photoelectrical methods have not, 
so far, proved satisfactory. This being the case, all 
photom etric w ork has to  be based upon certain stand
ards for comparison. In the case of tests for opacity, 
however, we have not as great difficulty in this respect 
as we have in the case of the ordinary photom etric 
measurements. B y  the use of a single source of 
light and a suitable photom etric bench, the opacity  
of a  substance can be determ ined w ith  a certain de
gree of accuracy. Follow ing the m ethod used b y  
H ürter and Driffield, who worked upon photographic 
plates, it is possible to construct plates varyin g  in 
opacity  and whose opacity  can be determined. It  
is hardly necessary to describe in detail the method 
to be followed for this work, and we would refer to 
the original article b y  H ürter and Driffield in the 
Journal of the Society of Chemical Industry, 9, 455 
(1890).

There is, however, one difficulty which affects the 
determ ination of opacity  and the preparation of 
standard opacity  test pieces. In a one-light photom 
eter the light is reflected so as to come from  oppo
site directions and when properly balanced, the light 
should be equal a t zero. B y  placing the object to be 
tested in the course of one of these beams of reflected 
light, the light becomes reduced and the balance of 
light is found at another point which gives a means 
of calculating the opacity  of the object being tested. 
U nfortunately, the accuracy of the test depends upon 
no light being reflected b y  the object being tested, 
or th at the lum inosity or reflecting power of the ob
ject being tested shall be determ ined and applied 
as a correction to the opacity  found.

H ürter and Driffield worked upon gelatine silver 
films which, apparently, th ey assumed had no reflecting 
power, or that, in their case, the reflecting power could 
be included b y  them  in the opacity  for the practical 
purposes for w hich tests were conducted. In  the 
testing of w hite paints, however, this cannot be as
sumed, for, as we will show, the am ount of light 
th at is reflected is apparently very  m uch in excess 
of the light th at is absorbed during transmission.

According to  the best inform ation obtainable, 
opacity  proper follows a logarithm ic law  known as 
Bouguer’s Law . N utting, in his recent “ Outlines of 
Applied O p tics” — 1912, says: “ Absorption during
transmission follows the logarithm ic law  in every 
known case; th at is, if a given layer absorbs a certain 
fraction of transm itted radiation, the n ext equal 
layer will absorb the same fraction .”  Thus, if the 
first layer absorbs half of the light being transm itted, 
the next layer will absorb half of the rem ainder or 
one-quarter of the light being transm itted; the next 
layer one-eighth of the light being transm itted, and so 
on.

To express num erically the opacity  of a paint, we 
should define in some term  the light absorbed in trans
mission for a standard thickness. In a paper read 
before the International Congress of Applied Chem
istry, I suggested th at this thickness be o . 1 mm. 
I find, however, th a t this thickness was too great for
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the proper measuring of opacity and that it would 
be better to use 0.01 mm. thickness as the unit of 
thickness in which to express opacity. Of course, an y 
thickness could be used, but it would be better to have 
a thickness th at corresponds to some practical th ick
ness of paint. I, therefore, feel that it would be better 
to adopt the latter thickness. In expressing the 
opacity  it would seem to me th at it should be called 
the “ coefficient," and, having the coefficient, we can 
calculate the total opacity for any given thickness. 
W e would define, therefore, the coefficient of opacity 
as the proportion of light, expressed in a decimal 
fraction of unity, absorbed during transmission 
through a thickness of 0.01 mm. of paint.

W e have constructed a 
piece of apparatus for the 
purpose of m aking these 
tests, which consists, first, 
of a photom eter which 
will bring two fields of 
light into juxtaposition so 
th at they can be compared 
b y  the eye. This photom 
eter is placed on top of 
two tubes, the lower ends 
of which are covered with 
plano-plano lenses. Below 
these lenses are two other 
sim ilar lenses. B e l o w  
these are two tota l re
flection prisms which di
rect light from a series of 
incandescent lamps up 
through the tubes to the 
eye and, b y  adjusting the 
prisms and the lamps, the 
light can be made to be 
equally sent up through 
the tw o tubes. The tubes 
holding the upper plano- 
plano lenses have microm
eter milled wheels on

(Eye-piece is sh o rte r th an  th a t  used) t h e m >  gQ ^  t h e  d i s t a n c e

between each set of lenses can be controlled and meas
ured. P aint placed between one set of lenses can be 
com pared w ith a standard paint or w ith a piece or 
pieces of paper which have been tested on a photom 
eter bench and the proportion of light they transm it 
determined. The thickness of the paint can then be 
varied until the amount“ of light transm itted m atches 
th at transm itted through the standard paint, or the 
test papers. The thickness of the film of the plant 
being tested is then read off on the micrometer. R un
ning another test w ith a different opacity standard of 
paper or paint, tw o readings are obtained from which 
can be calculated the am ount of light th at is absorbed 
and the am ount of light th at has been reflected. Con
sidering opacity  as having to do only w ith the light 
th at is being transm itted, and not to do w ith the light 
which is reflected from  the surface of the paint, we 
can figure the coefficient of opacity b y  the following 
calculation:

F ig . i

L et a, =  proportion of light transm itted by test 
paper No. 1.

а, — proportion of light transm itted by test
paper No. 2.

<  a2.
б, = thickness of paint film transm itting the

same am ount of light as test paper Np. 1. 
b3 = thickness of paint film transm itting the 

same am ount of light as test paper No. 2. 
Same paint formula is used for bt and 6,. 

bi >  bt.
c = incident light =  unity.- 
x — proportion of incident light reflected which 

is independent of the thickness of the film 
except for very  thin films.

Then — = proportion of entering light transm itted by 
a,>

b, —  b2 thickness of paint, a2 being the 
light entering the bj —  b, film as it is the 
light transm itted b y  the b} film.

I t  is necessary th at we give here the development 
of a form ula for the light that passes through any 
num ber of units of thickness of paint.
L  =  the light passing through any num ber of thick

ness units.
S = the light absorbed by an y thickness unit or 

units.
a = the light striking the first surface.

L
the ratio

-A.B = the ratio -  =  1 • 
a

n  — the number of units of thickness.
P =  the constant opacity of each unit of thickness 

in the form of a decimal fraction of unity. 
L ight passing through no unit of thickness:

L °  = a = 0
Light passing through one unit of thickness:

L , ■= a —  Pa =  a ( i  —  P)
Light passing through tw o units of thickness:

L , =  (a — Pa) —  (a —  P a)P  =  a ( i  —  P)J 
L ight passing through three units of thickness:

L j = { (a —  Pa) —  (a —  P a)P  j—
| (a —  P a —  (a —  P a )P }P  =  a ( i  —  P)3 

K =  a ( x - P ) “

—  — A
a

. •. A n =  (x —  P )n General formula 
B n =  I —  A n= i  —  ( 1 —  P )rt

From  the formula A n =  (1 —  P )n, where A n is the 
proportion of entering light transm itted, P  is the 
opacity of unit thickness in terms of decim al of unity 
and n is the num ber of units of thickness.

a,
(1 — P)
bi --  &2_

P = I  I “1- J i .
\  a,

From  form ula B „ =  1 —  (x —  P )B where B n is the 
proportion of entering light absorbed:
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=  1 -

b 1 — 62

I - l  I - V “;
i — x =proportion of incident light entering b2 film. 

B fc (1— x) +  x  +  a2 =  c =  1

I
I ----

.'¿>1 — 62

-

K 1.

from which

1 —  a , —

i  b i ~ h i  Y
b .

I  /  a t )
1 — v /  -

-  V  ) \

the different white pigments, tested on the formula 
given above, are shown.

The values for P are the coefficients of opacity as 
defined above. The reflection is the proportion of 
incident light reflected and is expressed in decimals 
of unity.

Coefficient of
P igm ent. opacity  P  R eflection '

W liitc  lead— D u tc h ............................... 0.0671 0 .935
W hite  zinc— A m erican process  0 .0794 0 .956
W hite  zinc— French P r .......................  0 .0645 0 .964
L itliopone.................................................. 0 .0578 0 .947
Calcium  c a rb o n a te ................................  0 .0136  0 .969
Basic lead su lp h a te ...............................  0 .0313 0.927
China c la y ................................................  0 .0190 0 .823
A sbestine ................................................... 0 .0090 0 .859
Calcium  su lp h a te ...................................  0 .0030 0 .856
Silica ...........................................................  0 .0102 0 .793
B ary te s ......................................................  0 .0114 0 .856

This work was done in the research laboratory of 
the N ational Lead Co., much of it having been ac
complished w ith the assistance of one of m y associates, 
Mr. R. L. H allett, to whom I tender thanks.

This formula looks rather com plicated, but, in prac
tice, and by the use of logarithm ic tables, the work is 
more simple than it seems on first inspection.

The apparatus to which I refer reads to the one ten- 
thousandth of an inch and, preferably, should have 
been constructed w ith the m illim eter scale. I t  is a 
simple matter, however, to m ake conversions into 
the mm. scale.

In making these calculations, it is to be observed 
that, the comparison of the pigm ents having been made 
between glass surfaces, the am ount of light reflected 
irom the adjacent surfaces of a paint w ould probably 
be different from the light reflected from the surface 
of paint which is adjacent to air. This is a controlling 
reason why the reflected light should not be consid
ered in calculating the coefficient of opacity.

In testing pigments for their coefficients of opacity, 
7,c âve followed the plan of m ixing these pigments 
with linseed oil on a standard form ula of 25 per cent, 
by real volume of pigm ent and 75 per cent, b y  volume 
of oil. In some cases, as, for instance, in the case of 
zmc oxide, this m ay be too large a volum e of pigment, 
to handle conveniently in the apparatus; but, if 
trouble is experienced, a different form ula can be used, 
comparing it with another standard pigm ent on this 
changed formula.

This apparatus is som ewhat new and we have not 
as many results to report of w ork done upon it as could 

e desired, and what we present here is sim ply for 
m °rmation; and, so th at the subject m ay be more 
generally studied, we present here some determina- 
1.0ns nmde.in this apparatus, working on a num ber 

® w 'te pigments. I t  is not to be supposed th at 

suh° tCStS r e P r e s e n  ̂ average pigm ents or that the re- 
of t ^ re.sen ê<̂  are f° r the purpose of condemning any 

e pigments tested. I t  is very  probable that the 
v̂ gments upon the m arket, of the kind described, 
a?h COnsiderably  from the figures presented here. 

0 coefficients of opacity  and the light reflected by

AN APPLICATION OF THE ELECTRIC RESISTANCE FURNACE 
TO THE DETERMINATION OF OXYGEN IN IRON 

AND STEEL
B y  R .  H . M cM il l e n  

R e c e iv e d  J a n u a r y  6 , 1913

The fact th at iron and steel alw ays contain more 
or less oxygen has long been known, and about th irty  
years ago, Ledebur1 called attention to it and gave 
a m ethod for its determ ination. It  is only recently, 
however, th at the requirements in the m anufacture 
of high-grade steels have becom e so exacting th at 
the determ ination of oxygen in steel and other m aterials 
has come to be one of the routine determ inations re
quired of a steel laboratory.

The Ledebur method, which is well known, consists 
in heating the sample of iron or steel in nitrogen to 
rem ove all moisture w ithout oxidizing it, then reduc
ing the oxides at a red heat b y  hydrogen and absorbing 
and weighing the resultant water. Cushm an2 has 
shown th at the drying of the sample in nitrogen is 
unnecessary, his results being b u t slightly higher 
than those b y  the original m ethod. W hen used w ith 
electric resistance furnaces, this m ethod is very  
satisfactory for the determ ination of oxygen in iron 
and steel, tungsten,s and other non-volatile metals. 
E ven this method, however, will fail to show all the 
oxygen in m etals containing oxides of silicon, vanadium , 
titanium , and other elements whose oxides are not 
reduced below 950 ° C.+

The following modification of the Ledebur m ethod 
has been found to g ive most satisfactory results:

A P P A R A T U S

The apparatus consists of tw o electric resistance
1 Sauerstoflbestim m ung im  schm iedbaren  E isen , Stah l u . E iseu, 2, 1 9 3 .
2 “ T he D eterm ina tion  of Oxygen in  Iro n  and  S teel,”  T h is  J o u r n a l , 

3, 3 7 2 .
3 T ungsten  pow der o ften  con tains a  ra th e r  large percentage of oxides. 

Som e com m ercial sam ples investigated  b y  th e  w rite r recen tly  h ave  show n 
an  oxygen co n ten t corresponding to  12 p e r cen t. WO3. I t  is p robable , 
how ever, th a t  th e  whole of th e  oxygen is n o t com bined w ith  th e  tungsten .

4 See ‘'T h e  D eterm ina tion  of Oxygen in  Iro n  and  Steel, by  R eduction  
in  an E lectric  V acuum  F u rn ace ,"  b y  W . H . W alker and  W . A. P a trick , 
T h i s  J o u r n a l , 4, 7 9 9 .
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furnaces, such as are employed in m any steel labora
tories for combustion carbon determinations and 
capable of m aintaining a tem perature of 950° C. 
T h ey are designated as No. 1 and No. 2 in the illustra
tion. B oth furnaces are equipped with heavy-w alled, 
fused quartz tubes 7/a inch inside diameter b y  24 
inches long. The function of furnace No. 1 is to heat 
the sample under investigation, while th at of No. 2 
is to heat the hydrogen so th at it m ay combine w ith 
an y oxygen th at m ay be carried over from the hydrogen 
generator. Several spirals of platinum  gauze are 
placed in the quartz tube of this furnace. The quartz 
tubes of these furnaces are connected in the rear b y  
a U tube (not shown in figure) having close-fitting glass 
stopcocks. This U  tube is filled w ith phosphorus 
pentoxides opened b y  small glass beads. The phos
phorus pentoxide absorbs any w ater which m ay be 
formed in the tube of furnace No. 2, and insures ab
solutely dry hydrogen to pass over the sample in fur
nace No. 1. The front end of the quartz tube in No. 2

so th at th ey be free from rust or foreign oxides. In 
the case of iron or steel samples both the fine and 
coarse drillings are rejected, only those between twenty 
(20) and th irty  (30) mesh being used. These are 
dried for a t least one hour over concentrated sulfuric 
acid before using. Samples of tungsten powders are 
dried to constant weight in the drying oven at a tem
perature of 105 0 C.

P R O C E D U R E

Tw enty-five (25) grams of the prepared drillings, j 
are weighed into the dried porcelain boat and placed 
in the tube of furnace No. 1. Connection is made to the 
weighed U tube, No. 9, through which, just previous 
to drying for fifteen (15) m inutes and to  weighing, 
hydrogen has been passed for ten (10) minutes. Guard 
tube No. 10 is connected. H ydrogen is allowed to 
pass through the whole apparatus at a rapid rate for 
fifteen (15) minutes. For the first run it is advisable 
to allow the hydrogen to sweep through the whole 
apparatus for th irty  (30) minutes to insure complete

furnace is connected to the drying and purifying train 
leading from a hydrogen generator. No. 3 contains 
small pieces of pumice stone saturated with concen
trated sulfuric acid, No. 4 soda lime, No. 5 stick 
potassium  hydrate, No. 6 a 50 per cent, solution of 
potassium  hydrate, No. 7 a 25 per cent, solution of 
pyrogallol made alkaline with potassium hydrate. 
Hydrogen is generated in a sixty-four (64) ounce 
K ip p  apparatus b y  the action of chem ically pure 
hydrochloric acid on pure mossy zinc. The water 
formed b y  reduction of oxides in the sample is absorbed 
in U  tube No. 9 of same construction as No. 8, and 
also filled w ith phosphorus pentoxide opened with 
small glass beads. A  guard tube, No. 10, is attached 
to No. 9 and contains concentrated sulfuric acid. A  
small wash bottle of the Drexel form is used for this 
purpose. Porcelain boats of sufficient size to hold 
a t least tw enty-five (25) grams of the sample are em
ployed.

P R E P A R A T IO N  O F S A M PL E

G reat care must be taken in preparing the samples

expulsion of oxygen from the train and tubes. The 
train and quartz tube of furnace No. 2 can be kept 
constantly filled w ith hydrogen b y  closing the cocks ot > 
U tubes No. 8 whenever the flow of hydrogen is in- 
terrupted.

The electric current is turned on and continued , 
for one hour after the m axim um  temperature has , 
been reached. During this tim e the flow of hydrogen 
is cut down to about seventy (70) bubbles per minute, ; 
this rate being m aintained until U tube N o .  9 is re- > 
moved. A t the end of the hour the current is turned j 
off and furnaces allowed to cool, accelerating the 
cooling w ith a blast of compressed air. When the j 
quartz tubes in the furnaces show no visible redness. | 
the cocks of U tube No. 9 are closed and a pinchcoci 
is inserted over the rubber tube connecting U tube 
No. 9 to the quartz tube of furnace. In  this m an n er  ̂

oxygen is kept from the heated tube, thereby avoiding 
danger of explosion. U tube No. 9 is disconnected j  
and carefully wiped w ith a soft, dry cloth then des 
iccated over concentrated sulfuric acid for fifteen
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utes and finally quickly weighed. W eight of w ater, 
after deducting blank, m ultiplied b y  0.8888 divided 
by 25 equals oxygen.

A blank should be run frequently, adhering to all 
details as to tim e of heating furnaces, desiccating 
U tube, etc. U sually the blank found varies between
0.0015 and 0.0025 gram.

For samples of tungsten powder the same procedure 
is carried out except th at a smaller sample is taken 
varying from one to ten gram s according to the am ount 
of oxygen present.

The following table gives results on several samples 
in duplicate by the above described procedure:

O x y g e n
No. C M n S  P  S i -----------j %

1 Crucible steel........................ 1.15 0 .31  0 .018  0 .011  0 .2 2  0 .0 3 9  0.037
2 Crucible steel........................ 1.17 0 .3 1  0 .015  0 .010  0 .2 2  0.035 0.035
3 Crucible steel.......................  1 .14  0 .3 3  0 .016  0 .009  0 .21  0 .0 4 4  0 .045
4l Basic open hearth  s te e l . . . 0 .0 7  0 .0 6  0 .0 1 9  0 .008  0 .0 8  0 .113  0.115
5 Basic open hearth  s teel.. . 0 .0 8  0 .2 2  0 .016  0 .008  0 .01  0 .079  0 .072
6 Swedish wrought iron   0 .0 6  0 .1 7  0 .019  0.0 12  0 .0 2  0 .345  0 .353
7 Domestic wrought i ro n . . . 0 .6 9  tra ce  0 .0 0 9  0 .007  0 .0 6  0 .069  0 .076
8 Domestic wrought iro n .. . 0 .7 3  . .  0 .009  0 .007  0 .0 6  0 .090  0 .089
9 Acid open hearth  s te e l . . . .  0 .3 6  0 .6 9  0 .0 4 0  0 .0 4 6  0 .0 3  0 .043  0.042

10 Bessemer steel.....................  0 .4 6  0 .7 2  0 .041  0 .095  0 .0 9  0 .058  0 .060
11 Tungsten powder................................ ...........................  2.57 2.57
13 Tungsten powder...............................  ............................ 1.37 1.34
14 Tungsten powder................................ ......................... .. 0.55 0.56
15 Tungsten powder...............................  ..............................  1.02  1.05

1 This sample frac tu red  bad ly  in rolling.

Numbers i, 2 and 3 were three ingots made under 
as nearly the same conditions as possible. I t  is not 
intended that the above table should be typical as 
to the oxygen content th at exists in the different 
classes of steel. In m any samples of crucible steel 
it is much lower than those cited.

Crescent L aboratory  
Crucible Steel  Co . o p  A m erica  

Asp in w a l l , P a .

t h e  v o l u m e t r i c  d e t e r m i n a t i o n  o f  m a n g a n e s e  i n

ROCK, SLAGS, O R E S AND S P IE G E L S
B y  F .  j .  M e t z g e r  a n d  L .  E .  M a r k s  

Received N ovem ber 1, 1912
A new and accurate m ethod for the determ ination 

of manganese and its application to the analysis of 
iron and steel has been published b y  us in T h is  J o u r n a l  
(3) 333). The method has since been applied to rock, 
s'ags, ores, and spiegels and it is the purpose of this 
paper to report on these.

Analyzed samples of rocks and of a manganese ore 
uere furnished b y  W . F. Hillebrand, of the Bureau of 

tandards. We desire to express our gratitude to 
r'. Hillebrand for this m aterial assistance and for
e kindlY interest he has shown during the progress 

of our work.

_ ^ock- Here the manganese content is apt to be 
'ery low and for accurate w ork a portion of from tw o 
0 ve grams should be taken for analysis. P lace the 

ed portion in a platinum  dish; add 5-15  cc.

h*H 0flSû -ur*c ac’^ ■ 2) anc  ̂ boil; a<̂  5- I S cc- 
5 ro uoric acid and boil until the rock is com pletely

and°m^0Se  ̂ -̂ 1 °  cc ' dilute nitric acid (r. : x)
fr 2 3 CC' concentrated sulfuric acid; rem ove
perT If 6 ^ame an<̂  ac^  about one gram  ammonium 
ha U ^  'n sma  ̂ portions: when evolution of gas 

ceased, evaporate to fumes of sulfur trioxide,

cool, add 50 cc. water, boil and cool. Transfer to 
a w ax beaker, add 5 gram s ammonium fluoride and 
25 cc. hydrofluoric acid (m aking a total volum e of 
about 100 cc.) and titrate to a perm anent pink color 
w ith  potassium  perm anganate solution (approxim ately 
N / 3°).

The value of the perm anganate in terms of iron 
m ultiplied b y  0.78682 gives the value in terms of m an
ganese, or b y  1.01601 in terms of MnO.

Slag.— W eigh out o .2-1.0 gram  and treat as in 
rock unless the manganese content is high. If more 
than about 20-30 mg. of manganese is present in the 
solution titrated, a brown color will appear tow ard 
the end of the titration,' but, w ith a very  little  experi
ence, as m uch as 60 mgs. m ay be titrated  w ith  accuracy 
using a N /10  (approx.) perm anganate solution. 
W ith  high percentages of manganese, the titration of 
an aliquot part of the solution is much more accurate 
than weighing out exceedingly small amounts. It  has 
been found best to titrate  w ith a volum e of about 
150 cc. containing about 60 mgs. of manganese when 
more than 40 per cent, of manganese is to be deter
mined.

If much manganese is present in the solution, 
oxidized manganese compounds m ay appear after 
the addition of the nitric acid to the m ixture; the 
authors have found, on several occasions, a strong 
perm anganate color on taking the m ixture to fumes 
of sulfur trioxide. When this occurs, cool; add 50 cc. 
w ater; cool again; add hydrogen peroxide (drop b y  
drop) until the color disappears; boil about ten minutes, 
cool, and titrate as usual.

Ores.— Pyrolusite: Dissolve o.5-1.0  gram  of the 
ore in a casserole, using as small a qu an tity  of dilute 
hydrochloric acid (1 : 1) as possible. A dd 15 cc. 
dilute sulfuric acid (1 : 2) and evaporate to fumes 
of sulfur trioxide.1 Cool and add 10 cc. dilute nitric 
acid (1 : 1) and about 1 gram  of ammonium per
sulfate (have the casserole covered). A fter evolution 
of gas has ceased, rem ove cover and take to fum es of 
sulfur trioxide. Cool, dilute w ith water, cool again, 
transfer to a 250 cc. flask and dilute to the mark. 
T ake an aliquot portion (preferably not less than 0.1 
gram  of the original ore) and titrate  in a volum e of 
about 150 cc., containing 5 gram s ammonium fluoride, 
10 cc. dilute sulfuric acid ( 1 : 2 )  and 25 cc. hydro
fluoric acid.

Ores, Slags, etc., Insoluble in  Hydrochloric or N itric  
A cid.— Proceed as in rock, using peroxide treatm ent if 
necessary.

Spiegels (and Ferromanganese).— W eigh out o.2-1.0 
gram  and dissolve in 5-10  cc. dilute nitric acid (1 : 1) 
in a covered casserole; cool sligh tly  and add 1 gram  
ammonium persulfate; when action has ceased, re
m ove cover, add 15 cc.. dilute sulfuric acid (r : 2) 
and evaporate alm ost3 to fumes of sulfur trioxide; 
cool, add 50-100 cc. w atery  heat until ferric salts are

1 All hydrochloric acid m u s t be rem oved as titra tio n s  m ade w ith  even 
sm all am ounts of HC1 w ere decidedly inaccurate .

2 N itric  acid up  to  2 cc. concen tra ted  acid in a  volum e of 150 cc. has 
no  effect on  th e  titra tio n .

3 I f  any  oxidized m anganese appears here, t r e a t  w ith  hydrogen per
oxide as described u n d er Slag.
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dissolved; cool, place in 250 cc. flask, dilute to mark 
and take aliquot portions for titration (see conditions 
under Pyrolusite). For all titrations of spiegels use 
N /10  (approx.) perm anganate solution.

The subjoined table gives results of analyses of the 
various products.

M anganese
found1

M anganese found 
by  o th e r m ethods

Percentage Percentage
MnO MnO

0.040 0 .04
0 .246 0 .1 6 3
0.316 0 .2 8 3
0.259 0 .1 8 3
0.278 0 .2 8 3
0.346 0 . 223

L ate r
Original colori-

gravim etric3 m etric4

0.23 0 .1 6 0 .18
0.19 0 .1 0 0.13
0 .0 9 0 .07 0 .0 6
0.30 0 .2 6 0.25
0 .2 6 0.20 0 .19
0.21 0 .13 0 .19
0 .1 1 0 .08 0 .08
0 .2 6 0.22 0 .23

15.91 15.88

Percentage Mn
Percentage gravim etric

Mn phosphate
11.09 1 1 . 1 0
2 1 .0 1 20 .99
30.55 30 .49
80 .10 80.22

57.09 B. of S. certificate
57.07 H igh 56.63
57.11 Low 56.15

A verage 56 .36

Sam ple 
R ock A2. 
R ock 1 .. 
R ock 2 . .  
Rock 3 . .  
R ock  4 . .  
R ock 5 . .

R ock 6 . . . 
R ock  7. . . 
R ock  S . . .  
R ock  9 . . . 
R ock  10. . .  
R ock  1 1 . . .  
R ock  12. . . 
R ock  13. . . 
I ro n  slag 1.

Spiegel 1.................................
Spiegel 2 .................................
Spiegel 3 .................................
Ferrom anganese ..................
M anganese ore5 dried a t  

. 122®C.......................

1 T he resu lts  expressed here are th e  averages of tw o o r m ore closely 
agreeing determ inations.

2 This is a  sam ple of B ureau  of S tandards  argillaceous lim estone, 
analysis b y  H illeb rand  an d  W alters. See Jour. A m . Chem. Soc., 28, 223.

3 These results were ob tained  b y  W . F . H illebrand som e years ago. 
Concerning them , D r. H illeb rand  w rites: "T h e  m anganese w as determ ined
w ith  th e  usual care  bestow ed on rock analyses, b u t n o t in du p lica te ."  A nd 
again, "M y de term inations on these  p a rticu la r rocks were m ade before I 
began to  determ ine th e  sm all am ounts th a t  pass in to  th e  filtra tes w ith the  
lim e and  m agnesia. There was, too , alw ays th e  possibility , in  sp ite  of a  
basic a ce ta te  separation , th a t  a  little  h ad  n o t been separa ted  from  the  
F e  and  A l.”

* "T hese te sts  were m ade w ith some care, by  th e  color m ethod , correc
tin g  fo r th e  influence of color due to  th e  iron  con ten t of th e  rocks.”— W .
F . H .

5 B u reau  of S tan d ard s  analyzed "Sam ple  No. 25.”

The m ethod has been used successfully in this labora
tory  for some time. W hereas a little  experience is 
required to accurately determine the end point in 
titrating large amounts of manganese (40 to 60 mg.), 
the end point is sharp and distinct and the results 
are very  accurate in determ ining small amounts of 
manganese.

T he difficulties encountered in determining small 
am ounts of manganese in rock and sim ilar materials 
are known to analysts and it is believed th at the method 
here described overcomes these difficulties.

It  is also believed th at the principle involved in 
the above method m ay explain some of the discrep
ancies arising in the determ ination of ferrous iron in 
rock.

C o n t r i b u t i o n  No. 214, H a v e m e y e r  L a b o r a t o r i e s  

Q u a n t i t a t i v e  L a b o r a t o r i e s  

C o l u m b i a  U n i v e r s i t y

ANTISEPTIC TESTS OF WOOD PRESERVING OILS1
B y  A. L. D e a n  a n d  C. R . D o w n s

The m aterials com monly em ployed for impregnating 
wood for the purpose of preventing its decay fall 
readily into tw o classes— soluble salts and hydro
carbon oils. The most w idely used member of the 
first group is zinc chloride, and of the second, coal 
tar creosote. E ver since the introduction of this 
last named m aterial b y  Bethell in 1838 it has been 
em ployed in constantly increasing amounts, and to
day creosoting— properly performed— is regarded as 
the most effective method of tim ber preservation.

In recent years the large demand for coal tar creo
sote and the rather high cost of the treatm ent with 
the amounts considered necessary, have led to the 
use, openly and otherwise, of other m aterials. Thus 
the heavy asphaltic petroleum  oils have been tried 
to some extent, notably in the treatm ents by the 
Santa Fe railroad where sufficient of the oil has been 
injected to render the wood well-nigh waterproof. 
The oil distilled from the tar resulting from  the manu
facture of carburetted w ater gas has been used to 
a considerable extent, but since its value was uncertain 
it has been regarded as an adulterant or substitute 
for the oils distilled from coal tar. W ater gas tar 
shows m any points of sim ilarity to coal tar, and the 
creosote oil distilled from it is very  like th at distilled 
from  coal tar, although it contains neither the phenols 
nor the nitrogenous bases characteristic of the latter. 
Inasm uch as large quantities of w ater gas tar are pro
duced a t the gas works in the U nited States, and the 
creosote distilled from it m ight readily be had in sub
stantial amounts, it is im portant to arrive a t a sound 
estim ate of its value as a tim ber preservative.

The qualities com monly desired in a wood pre
serving oil are freedom from loss b y  volatilization, 
solution or chemical change, and a  m arked toxicity 
to wood-rotting fungi and the anim als which destroy 
timber.

In volatility , solubility and chem ical inertness water 
gas tar creosote compares favorab ly  w ith the oils 
from coal tar; the relative antiseptic powers of the two 
classes of oils are less readily determined. The present 
communication outlines the results of a laboratory 
study of the antiseptic powers of oils prepared from 
coal tar and w ater gas tar, and is designed to assist 
in arriving a t a proper estim ate of the place that 
w ater gas tar oils should occupy in tim ber p r e s e r v a t io n .

The value of w ater gas tar creosote as a wood pre" 
servative has been the subject of some controversy, 
but as y e t the am ount of reliable data has not been 
large. Practical tests on a com mercial scale giving 
the results of the test of tim e under service conditions 
have not been carried out. W here the material has 
been used it has usually been em ployed in m ix tu re  

w ith coal tar creosote, sometimes w ithout the con
sumer’s knowledge. The result has been that in the 
absence of reliable inform ation consumers have pre* 
ferred to rely on coal tar creosote of the value of which 
they were certain.

1 P aper presen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of Apjggg 
Chem istry. New Y ork, Septem ber, 1912.
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Alleman1 has studied the character of the oils re
maining in tim bers which, after being treated with 
coal tar oils, have been m any years in service. The 
results show th at the low-boiling oils present in creo
sote disappear after a num ber of years of service, 
and the tar acids or phenols are no longer present. 
There has been in recent years a growing tendency to 
regard these high-boiling hydrocarbon oils such as 
Alleman found remaining in his well preserved tim bers 
as the most valuable constituents of creosote oils.

During 1911, J. M. W eiss3 presented tw o papers 
to the New Y o rk  Section of the Society of Chemical 
Industry, dealing w ith the antiseptic value of the oils 
and tars used in tim ber preservation. These papers 
showed the relative antiseptic value of coal tar oils 
and water gas tar oils under the conditions of W eiss’ 
experiments, as well as furnishing some information 
on the relative values of the different tar oil con
stituents. These papers furnish the most im portant 
experimental evidence of the antiseptic powers of the 
different oils. The work of W eiss showed th at coal 
tar creosote was m any tim es as toxic to the organisms 
used in his experim ents as the w ater gas product, 
and that the lower boiling coal tar oils were d istinctly 
more antiseptic than the h eavy high-boiling ones.

Two criticisms m ay be made of the m ethods em ployed 
by Weiss. The first, and less im portant, being th at 
the fungi used b y  him to test the antiseptic powers 
of the materials experim ented on b y  him were not 
wood-destroying fungi and their powers of resistance 
to various agents m ight not be the same. A  much 
more serious objection to his results depends upon 
the method employed in preparing the media contain
ing the oils to be tested. These are for the most part 
insoluble in water and, being heavy, sink rapidly to 
the bottom of the containing dishes, so th at a uniform 
distribution of the oil is not effected, and the cells 
of the fungi m ay not come in contact w ith  it. It 
is apparent that oils containing water-soluble con
stituents would p artia lly  dissolve and prove more 
antiseptic than the more insoluble oils. I t  m ight 
readily be that the relatively  greater antiseptic power 
of the lighter coal tar oils was p artly  due to solubility 
of the phenols present in them, the toxic power of 
which is well known. I t  would seem th at a much 
fairer idea of the antiseptic power of the oils tested 
could be gained if th ey  were uniform ly distributed 
throughout the culture medium so th at the fungus 
must come in contact w ith them.

The organism used in the experim ents to be described 
was Polystictus versicolor obtained in pure culture 
from wood decaying through the action of this fungus 
and bearing masses of its sporophores on the surface. 
Numerous cultures were kept in the laboratory on 
small blocks of sterilized Liriodendron wood on which 
it grew readily, and which it reduced to  about the 
specific gravity and strength of pith in the course of 
a few months. There was no doubt of the p urity  
°f the cultures nor of the powerful attack  of the fungus

Gcllert Alleman, Circular 98, F o res t Service of th e  U . S. D ep artm en t 
01 Atnculture, May, 1907.
101, J ' M' Weiss’ J - Soc- Chem. Ind ., Feb . 28, 1911, p . 190, and  Dec. IS, 
19'1. P. 1348.

on the wood. This species w as used because of the 
readiness w ith which it m ay be isolated in pure cul
tures which grow vigorously under laboratory condi
tions, and also because it is one of the m ost im portant 
enemies of structural tim ber in the U nited States. 
Von Schrenck1 says of this species: “ Of all the fungi
which grow  upon the deciduous species of woods 
after th ey are cu t from the tree, the m ost w idely dis
tributed and in m any respects the m ost destructive
is Polystictus versicolor On account of its wide
geographical range and its ab ility  to grow on and de
stroy so m any different kinds of wood it should be 
regarded as the m ost serious of all the wood-rotting 
fungi which attack  the dead wood of broadleaf trees. 
I t  is the fungus which destroys probably 75 per cent, 
or more of the broadleaf tim ber used for tie purposes.”

Inoculations into the media to be tested could not 
be conveniently m ade from cultures growing on wood, 
and transfers were therefore made to prepared agar 
from  which the fungus could be readily cu t and small 
masses of the m ycelium  transferred b y  the use of a 
small piece of platinum  foil set in a glass handle

The culture media were prepared in the following 
manner: O rdinary w hite beans (Phaseolus vulgaris)
were germ inated in a dark place until several inches 
high. The seedlings were then ground up in a m eat 
chopper and a boiling w ater extract of them  made. 
Due to the chem ical changes characteristic of the 
process of germ ination some of the starch of the beans 
is hydrolyzed to dextrins and sugar, and m uch of the 
nitrogen present as the proteins of the seeds appears 
as soluble cleavage products in the seedlings. One- 
half of one per cent, of cane sugar and a like qu antity  
of asparagin were added to the germ inated bean e x 
tract to supply further nourishment. This medium 
was then stiffened b y  the addition of 1.5 per cent, 
of agar agar, and 10 cc. portions of it  pipetted hot 
into 2 2 mm. test tubes, plugged w ith cotton and sterilized.

A  five-gram portion of each of the creosote oils to 
be tested w as weighed out into a m ortar containing 
an equal w eight of powdered gum  arabic and the tw o 
rubbed well together. W ater was then added a little  
a t a tim e w ith constant grinding, yielding an emulsion 
containing as the em ulsifying agent a carbohydrate 
m aterial sim ilar to the agar agar of the medium. 
The emulsion was diluted w ith w ater to 100 cc., m aking 
a 5 per cent, emulsion w hich would not separate even 
after several m onths of standing.

Portions of these five per cent, emulsions were meas
ured into the 10 cc. portions of the sterilized agar 
medium w ith  a pipette graduated to hundredths of 
a cubic centim eter. A s a rule three test tubes of each 
strength were prepared in order to check the results. 
The agar was then m elted and the tubes well shaken 
in order thoroughly to m ix the emulsion w ith  the m e
dium, and then quickly  cooled under cold w ater in 
a slanting position. In this w ay  the oil was uniform ly 
distributed throughout the medium in the form of 
finely divided globules and held perm anently in posi
tion b y  the solidification of the agar.

1 V on Schrenck, B ull. 149, B ureau  of P la n t In d u s try  of th e  U . S . 
D ep artm en t of A griculture, p . 53.
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In the first series of tests the oils used were a very 
good grade of commercial coal tar creosote, a water 
gas tar creosote made in the laboratory b y  taking the 
fraction distilled from 170° to 3400 C. from a sample 
of w ater gas tar of known origin, and a sample of pressed 
anthracene oil. The results of the fractional distilla
tion of the two first samples are given in the table below:

T E M P E R A T U R E  COAL T A R  C REO SO TE W A T E R  GAS TA R  CREO SO TE
D E G R E E S  C. P E R  C E N T . P E R  C E N T .

. . .  170 0.2 5 .5
170 205 6 .3 4 .5
205 240 30 .7 35 .5
240 300 21.3 3 2 .5
300 320 9.1 6 .0
320 340 13.5

The coal tar oil contained 8 per cent, of tar acids. 
The anthracene oil was a commerical product, 50 
per cent, of which distilled between 250° and 3500 C. 
The solids had been pressed out, leaving it liquid at 
room temperatures.

The strengths of coal tar creosote tested varied by
0.05 per cent, increments from 0.05 per cent, to 0.35 
per cent., and of the other two oils from 0.05 per cent, 
to  0.75 per cent.

The results of this prelim inary series indicated an 
inhibition point for the fungus w ith 0.25 per cent, 
of coal tar creosote, 0.40-0.45 per cent, of the w ater 
gas tar creosote, and over 0.75 per cent, for the pressed 
anthracene oil. In the case of the last named m aterial 
the grow th became progressively weaker, but was 
not entirely inhibited a t the highest concentration 
tried.

One serious difficulty developed in the tests. In 
transferring the fungus mycelium to the test tubes 
it w as necessary to cut out a small piece of the agar 
of the stock culture and it was almost impossible to 
tell whether the fungus was growing slightly on the 
creosoted agar or whether all the grow th was derived 
from the small piece, of transferred medium. This 
led to some uncertainty as to the precise point a t 
which grow th was inhibited. In the second series, 
this was remedied b y  cutting out a small piece of the 
medium to b e inoculated w ith  a sterile platinum  foil, 
laying the cu t out piece over to one side, placing the 
transferred m ycelium  and agar from the stock culture 
in. the cavity , and then replacing the piece of creo
soted medium on top of the transferred material. 
In this w ay  the m ycelium  used for inoculation was 
buried w ithin the mass of m aterial to be tested and if 
it  grew up through it and vegetated a t the surface 
there could be no question th at the antiseptic was 
insufficient to prevent the grow th of the fungus. 
The control cultures were made in the same manner.

The too rapid drying out of the cultures noticed in 
the first series was prevented in the second b y  placing 
them in a large glass walled case w ith a water-saturated 
atmosphere.

Since the fungus used in the first series m ight have 
had its v ita lity  somewhat impaired b y  being kept so 
long in artificial cultures, new samples of wood de
cayin g through the action of the organism were found 
and fresh, pure cultures prepared and used for inocu

lating the second series of tests. The following 
oils were tested:

A. Coal t a r  creosote No. 1.
B. Coal t a r  creosote No. 2, prepared  in th e  lab o ra to ry  by  taking the 

frac tion  d istilling from  200° to  350° C., from  a  sam ple of coal ta r ;  since 
th e re  was a  considerable separa tion  of naph tha lene  in th is  sam ple on cooling 
to  room  tem pera tu re , w hich rendered  i t  im possible to  m ake a  satisfactory 
em ulsion, th e  solids were filtered off.

C. W ate r gas t a r  creosote No. 1.
D. W a te r  gas t a r  creosote No. 2, prepared  in  th e  lab o ra to ry  by  taking 

th e  frac tion  distilling  from  w a ter gas t a r  betw een 200° an d  350° C., yielding 
a  sam ple som ew hat heav ier th a n  th e  No. 1 and  com parable  in boiling 
range w ith  coal t a r  creosote  No. 2.

E . T he sam e sam ple of pressed an th racen e  oil used  in  th e  first series.
F . Coal ta r  creosote No. 1, w ashed w ith  alkali u n til free from  ta r  acids 

and  th en  washed w ith  w ater.
G. A  portion  of F . w ith  th e  t a r  bases rem oved by  tre a tm e n t with 

sulfuric acid, and  washed w ith  w ater.

An attem pt was made to m ake emulsions with an
thracene and naphthalene for antiseptic tests in the 
manner described above for the oils, but it was found 
impossible to m ake satisfactory emulsions. The at
tem pted stock emulsions of these m aterials containing 
about 5 per cent, of the hydrocarbons stood for some 
time in the laboratory and it was noted th at a mold 
grow th appeared on the surface. The naphthalene and 
anthracene had settled to the bottom . This observa
tion would tend to support the statem ent made by 
W eiss th at these m aterials were not antiseptic up to 
io  per cent. This conclusion seems not to be wholly 
justified, however, because the mold was not in con
tact w ith the hydrocarbons.

The results of the tests in the second series were as 
follows:

IN H IB IT IO N  POINT
SA M PLE P E R  CEN T.

A. Coal ta r  creosote No. 1.........................................................  Below 0 .1
B . Coal t a r  creosote No. 2 ........................................................ 0 .1
C. W ater gas ta r  creosote No. 1........ '................................... 0 .4
D. W ate r gas t a r  creosote No. 2 ............................................ 0.35
E . Pressed an th racene  o il..........................................................  A bove 0.85
F . Sam ple A. m inus th e  pheno ls ...........................................  0 .30
G. Sam ple A . m inus th e  phenols and  ta r  b ases ................  A bove 0 .6

In the case of sample E  there was a gradual weakening 
of the grow th from 0.2 per cent, to 0.85 per cent, 
which was the highest concentration tried, and a similar 
state of affairs developed in the tests of sample G, 
the highest strength of which was 0.6 per cent. Of 
the two, cultures w ith sample E  were slightly the 
more vigorous.

From  these results it is evident th at coal tar creo
sote is a stronger antiseptic than w ater gas tar creosote, 
and th at w ater gas tar creosote is distinctly more 
effective than the liquid oils of the anthracene fraction 
of coal tar. The greater value of the coal tar oil 
appears to depend upon the presence of the tar acids 
and especially upon the tar bases. I t  is interesting 
to note th at the w ater gas tar creosote was almost 
identical in antiseptic power w ith  the coal tar oil 
with its tar acids removed.

The work of Allem an cited indicated th at the oils 
remaining in wood treated w ith coal tar creosote are 
almost free from tar acids after a few  years of service, 
and th at under conditions allowing evaporation the 
lighter hydrocarbons are nearly all lost. Loss of 
antiseptic power from the disappearance of the tar 
acids cannot take place w ith w ater gas tar oils, since 
they are free from phenols in the beginning.
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Since the amount of creosote injected into wood 
is commonly 10 pounds per cubic foot or more, it 
would appear th at the difference in antiseptic value 
between coal tar oils and w ater gas tar oils is not of 
great significance, especially in view  of the probable 
disappearance of the tar acids from the wood treated 
with coal tar creosote.

On the basis of such data as we have it seems ju sti
fiable to conclude th at the oils distilled from  w ater 
gas tar have a distinct value as wood preservatives, 
and that there is no reason w hy they should not be 
purchased and used under their own names w ith no 
attempt to masquerade as coal tar products.

Sheffield S cien tific  S chool, Y a l e  U n iv e r sit y  
N ew  H a v e n , Co n n .

THE OXYGEN ABSORPTION TEST FOR LINSEED OIL1
B y  H a n s  M a n n h a r d t

This subject has received considerable prominence 
in this country through a report b y  a sub-com mittee 
on paint oils subm itted a t the A tlan tic C ity  meeting 
of the American Society of Testing M aterials last 
July. The report covers tw elve pages, and to any 
one taking the tim e to compare the results of the 
four experimenters, it m ust be at once apparent th at 
either the method is not a q u an titatively  reliable one, 
or that some essential requirem ent has been overlooked; 
their results are to be found in the "19 11  Proceedings.” 

I will quote a few classic and correct results from 
the standard work on drying oils b y  And£s, English 
translation published b y  Scott, Greenwood & Co., in 
1901, where extensive citation is made of W eger’s 
and Lippert’s results in the changes in weight which 
thin films of various oils undergo when exposed to the 
air on glass plates. W eger’s glass surfaces were about 
15 square inches in area and on these surfaces he ap
plied weights of oil varying, if possible, only between 
25 and 50  milligrams. His results in a condensed 
form follow:

Tim e of dry- P e r cent, 
m g to  m ax- m axim um  
im um  change change in 

in  w eight w eight
Linseed oil, A rtists’.......................................... g days 17.0
Linseed oil, A rtis ts’, heated  to  2 1 0 ° C   5 days 15.5
Linseed oil, English, b o ttled  5 y ea rs   3 . 5  days 19.7
Linseed oil, E as t In d ian  seed:

R aw ...............................................  6 days 17.3
H eated to  150° C...................... 6 d ays 17.0
Cold blow n..................................  S days 16.7

Linseed oil, E ast Ind ian  seed:
Cold blown, 25 hours ) ......... 5 .5  days 8 .2
H ot blown, 25 hours j

Linseed stand oil..............................................  IS days 1 1 . 1
Litharge boiled linseed o il.............................  16 hours 14.6

mseed oil and 2 per cent, lead m anganese
resinate (no heat used )............................. S .5 hours 17.5

Rosin oil w ithout d riers .................................  4S days loss 26 .5
°sm oil (6 K  per cent, lead and  m anga- )
nose resinate added a t  120° C.) f  6 5  days gam  25 .7

^  ood oils, raw, purity  n o t vouched fo r  3 to  8 days + 1 4  t o + 1 7
Hemp seed oil, raw ..........................................  4 d ays 13 .6
Poppy seed oil, raw ...................................... 6 .5  days 13 .4

Looking over the tables in the “ 1911 Proceedings,”  
nd that the glass area to be covered w ith a film of 

ty'ng oil was approxim ately 35 square inches. T h e

kefore the  Chicago Section  of th e  A m erican  Chem ical Society, 
•'larch, 1912. Reviscd by ^  au th o r

several experimenters used weights of oil varyin g 
between the following limits:

G ram s
A ..............! ....................................  0 .0774 to  0.4011
B ..................................................... 0 .2877 to  0 .9498
C .....................................................  0 .2934 to  0 .8812
D ....................................................  0.1711 to  2 .7318

On the basis of W eger’s results they should have 
used

0.062 to o. 150 gram.
Small wonder th at their results were erratic!
Y o u  will notice th at W eger was successful in dry

ing a film of rosin oil. On page 187 of the “ 1911 
Proceedings” we find statem ents of three of the ex
perimenters th at their films of rosin oil and drier 
would not set hard. Furtherm ore, only two of the 
experimenters found any gaining in weight. The 
fourth experim enter did not report. Now, W . Pritch
ard ,1 mentions an X L  rosin oil w ith “ rather rem ark
able drying properties.”  I also find th at thin films 
of “ first ru n "  rosin oil can be caused to set into a non- 
tack y  film b y  the use of a proper am ount of drier, 
while ‘ ‘ second run ,” “ third ru n ” and “ fourth ru n ” 
oils did not appear suitable.

I *
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A pparently  each redistillation decreases the suita
b ility  of the product so th at " first ru n ” is a t once the 
cheapest and the m ost suitable for use in paint vehi
cles.

T h at is about all the discussion required b y  those 
tw elve pages of results in the “ 1911 Proceedings.”

L et us now see w h at recent literature has to say 
about the value of the determ ination of the gain in 
w eight of a film of linseed oil; and in this connection 
I have selected data bringing out fu lly  the relation
ship between oxidation b y  oxygen and b y  halogen.

Farben-Zeitung, October 1, 1910, page 17, states as 
follows: “ The H iibl iodine values usually v a ry  be
tween 170 and 200 for raw  linseed oils, however:—

■a3 a
■a >

5 2 a
ft < m

C alcu tta ................  0 .931  3 .1  194.5
L a  P la ta ................ 0 .932  2 .7  193.2
L a  P la ta ...............  0 .932  2 .9  190.4

1 J .  S . C. M ay 15, 1912, p. 420.
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P e r cent.
gain in Iodine
w eight num ber.

O riginal .. 153.8
2 h o u rs . . 5 .4 131.6
4  h o u rs . . 10.2 105.0
6  h o u rs . . 16.8 73.9
8 h o u rs . . . 17.9 47 .3

10 h o u rs . . . 18.5 26 .9
12 h o u rs . . . 18.6 (a)

This worker apparently used a standardized method 
for his oxygen absorption test. The last two columns 
are most vital. I quote these data so fu lly on ac
count of the low iodine values shown b y  the three 
oils, in spite of which fact they appear normal in the 
gain-in-weight column.

Chem. Revue der Felt u. Harz industrie, 1910, p. 260:

153.8 18-hour I lü b l m ethod, 98 per cent.
glacial acetic acid used as sol
v en t for th e  films of boiled lin 
seed oil.

(a ) N o t com pletely soluble in  the  Solvent.

This table shows the saturation of the double link
ages b y  oxygen accurately portrayed b y  the decreas
ing iodine values.

Jour. Soc. Chem. Industry, Mar. 31, 1911, p. 344, 
H arry Ingle.

Specific Iodine H cxabro-
g rav ity  value midcs

Original o i l . . . . 0 .9315 179.5 3 5 .3  Oil heated  in  an  open
2 h o u rs   0 .9350 175.5 3 0 .7  enam elled pan  a t
4 h o u rs   0 .9383 170.0 2 7 .4  195° to  200° C.
6 h o u rs   0 .9418 165.0 26 .2

11 h o u rs   0.9501 154.0 16.0
15H  h o u rs   0 .9583 145.0 10.5
43 h o u rs   0 .9800 12J.0  0 .9

This table shows th at even the hexabromide test 
is no criterion of the p urity  of a linseed oil. The oil, 
after 43 hours heating, m ay be said to be approxi
m ately in the condition of the boiled oil film of the 
preceding table about 3 hours old.

*5-5Stand Oil.— Sp. gr. 15 = 0.972 (results, this lab-

substitution”

oratory).
Brom ine addition figure 5 1 .6  J M cIlhiney method

Insoluble hexabromides none 
— Hehner and M itchell method.

In connection w ith the method 
of Dr. M cllhiney, I have devised 
a convenient form of small fun
nel which can be constructed b y  
any experimenter and will make 
the running in of the K I  solution 
much more handy (see Fig. B).

The .small cup cu t from the 
bottom  of 4 cc. homeopathic 
vial serves also in weighing 
out acetone for its determ ina
tion b y  the Sy iodoform volu
metric method.

Allen, 3rd edition, Vol. IX, P art 
I, p. 66, gives:

Iodine value

A BoMc
*•«**" 

SToffCr
C ftvtbcrßonJ* 
D- ÔoWc U p
£ Bottom 0/ » 

0 ~r

F ia . B  

B r o m i n e  A b s o r p t i o n  
A p p a r a t u s

Consistency*
T h in ............................................................ 163 to  175

.............................................. 99.5S to u t...............................
V ery s to u t .....................
♦Boiled Linseed oils.

96 .9

If we can succeed in establishing the conditions 
under which a linseed oil film will dry in a normal 
manner we shall have a quantitative method at our 
disposal.

Albert H. Hooker had worked out a practical 
process for testing drying oils and driers earlier than 
1904 on the basis of W eger’s results. The form of 
apparatus in use b y  A. H. Hooker consisted of a 3 
inch glass crystallizing dish, a small pestle or tamper 
made b y  melting the end of a glass rod and upsetting 
the same, and about 10 gram s of finely ground natural 
silica. One gram  of oil or of oil and drier mixture 
is used in each case and thoroughly incorporated with 
silica, weighings being taken every 5 minutes at the 
start until the minimum weight is attained and as 
often thereafter as m ay be necessary to obtain an 
accurate and smooth curve. Often tw o tests are 
started on the same day, one at about 8 a . m . and one 
at about 4 p . m . so as to get com plete curves as in the 
case of the ordinary and double boiled oils.

L ippert calls attention to the im portance of detect
ing the tim e and am ount of the m axim um  gain in 
weight, a point not fu lly  appreciated b y  the above 
mentioned sub-committee when working w ith boiled 
linseed oil. (The practical painter expects to get a 
boiled oil which will dry in a thin film on glass at 20°
C. in less than 24 hours, and if additional driers were 
added to such an oil the experim enter would have to 
look for the m axim um  point before breakfast if the 
test were started on the day previous.)

The above process of m ixing silica and oil is rather 
tedious and I have expedited the process b y  using 
ethyl ether as a vehicle. A  tinned-iron can cover 
about 21/2 inches in diam eter w ith a '/ , inch rim is 
used as the weighing vessel. One gram  of oil is 
weighed into it and about 10 gram s of silica dropped 
on the oil. B y  the aid of a spatula and 3 to 5 cubic 
centimeters of ether the oil and silica are transferred 
to a large clock glass and then, after thorough mix
ing, returned to the can cover and the proper w e ig h 

ings made as indicated above.
Liverseege and Elsdon1 give comparisons of iodine 

values with percentage gains in drying on p o w d e r e d

The Stand oil mentioned above was of a molasses 
consistency. A llen ’s very  stout oil m ust approach the 
consistency of a medium printers’ varnish.

NUM  PL A T E S , EA CH  3 IN . X  6  I N . ,  G IV IN G  A  T O TA L OP 
ISO S Q . I N . ,  O F  S U R FA C E

litharge for 8 raw  oils and 5 boiled oils. They use a 
m etal container and m ethylated ether.

1 J .  Soc . Chem Ind ., M ar. 15, 1912.
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Lippert1 used aluminum plates for a while but had 
no good way of cleaning them  and abandoned their use 
in favor of glass apparatus. Since a dried linseed oil 
film is readily softened b y  means of 2 to 3 alcohol to 
benzole mixture, the aluminum is the proper basis 
for applying a drying test.

The Standard Varnish W orks of Chicago were using 
a convenient form of apparatus in the latter p art of 
1904. This apparatus consisted of 5 alum inum  plates 
each 3 inches by 6 inches, apd therefore showing a 
total of 180 square inches of surface. These five 
plates are held by an alum inum  wire frame a t inter
vals of about J/8 inch (see Fig. C).

The complete apparatus weighs less than 80 grams 
and is conveniently weighed on the ordinary ana
lytical balance. The quantity  of non-volatile liquid 
to be applied is kept between o . 500 and o . 700 gram. 
It is usually applied at the rate of about 2 drops per 
surface, being uniform ly distributed w ith the tip of a 
finger. The apparatus is hung under an open shelf 
to prevent the accum ulation of dust. W eighings arc 
made just as in the test on silica.

Results obtained w ith both forms of apparatus 
check nicely, as take the case of a bleached oil recently 
examined:

j r
Specific gravity b y  W estphal balance ~ ~ ~  equals 

°-933-

Acidity as oleic acid equals 6.22 per cent.
The writer has used these forms of apparatus suc

cessfully for eight and seven years, respectively, and 
finds the oxygen absorption test to be quite as relia
ble a test as any other single test.

The addition of a drier hastens the drying but 
also reduces the actual proportion of drying oil pres
ent and in addition decreases the gain in weight of

i
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b. Using uniform amounts of drier.
c. Using uniform tem perature.
d. Using definite lim ited thickness of film.
e. In an atmosphere of moderate hum idity.
/. W ith free access of air.
g. Under the same degree of illumination.
For the convenience of those readers who have not 

the tim e to study out the meanings of the technical 
expressions occurring in the German trade journals, 
the following translations are given:

Firniss, Boiled oil.
Leinoelfuniss, Boiled linseed oil.
Lack, Varnish.
Lackfarbe, Lake Color, Lake.

The author would call attention to the new work, 
“ Die Chemie der Trocknenden Oele,”  by W ilhelm  Fah- 
rion, published b y  Julius Springer, Berlin, which also 
m akes some references to the results of the w ork of 
the linseed oil sub-com mittee of the Am erican Society 
for Testing Materials.

1 104  O a k d a l e  A v e .
Ch ic a g o

f tu m b o r  o f D a ys  D rying.

F ig . D

that drying oil which is present.
The addition of a drier is equivalent to a rise in 

temperature. As oxidation increases the viscosity 
0 n̂seed oil, I have no doubt th at some day specifica
tions for boiled linseed oil will include data on viscosity 
a °ng with data on the gain in  weight.

In conclusion, it m ay we well to call attention to the 
act that tests should be made only: 

a- Along with a control oil of known p u rity  or 
character.

1 Chtm. Rev. Feu. H a n  In d ., 1897, 325.

A RAPID AND ACCURATE GRAVIMETRIC METHOD FOR 
DETERMINING M ILK-FAT IN EVAPORATED 

MILK AND MILK POWDERS
B y  E . P . H ar d in g  a n d  G u y  P a r k in  

R eceived Aug. 12, 1912

The methods in use a t the present time for deter
mining m ilk-fat in evaporated m ilk and m ilk pow
ders are inadequate for the use of the m anufacturer 
of these products, either giving too low results or re
quiring so m uch tim e as to m ake them im practicable. 
W hen the percentage of fa t in these products becomes 
a m atter of federal state and municipal control, it 
is necessary th at 'methods be used in their analysis 
which will record all the fat in order th at due justice 
be given the m anufacturer and th at th ey be suffi
ciently rapid to perm it their use in control work.

It  is well known th at the original B abcock centrif
ugal method, w hich is the most rapid of all volu
m etric methods for determining fa t in normal milk, 
gives b y  far too low results on the condensed prod
uct. Various modifications of this m ethod which 
have been suggested as giving reliable results were 
tried out and all found to give too low results, special 
emphasis having been given to A. E . L each ’s m odi
fication,1 and the modification of O. F. H unziker and 
G. W . Spitzer.’  These methods give not only too 
low results but also an impure fat and a fat column 
very  difficult to read.

Of all gravim etric m ethods in use, the W erner- 
Schm idt m ethod and the Roese-Gottlieb m ethod3 give 
the most reliable results. The former m ethod alm ost 
invariably gives an impure fat which m ust be puri
fied b y  dissolving the dried fat in petroleum  ether and 
filtering. The latter m ethod gives a pure fa t but does 
not remove it all. Results obtained b y  this method 
and H ortvet’s modification of the same (modified b y  
using a smaller am ount of m ilk in the process) follow 
later in this paper.

1 Analyst, 2 5 , 3 1 7 .
2 B ull. 134, P u rd u e  U niv. Agric. E xperim en t S ta tio n .
3 Circ. 66, D ep t, of Agr.
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The direct extraction methods like A dam s’ Paper 
Coil m ethod and its modifications1 are im practicable, 
being too long and giving either too low results or an 
impure fat.

The writers of this paper, believing the direct e x 
traction methods to be im practicable and the pre
cipitation methods not sufficiently accurate, attem pted 
to solve the problem b y  indirect. extraction methods,
i. e., b y  first dissolving all protein and then extracting 
the pure fat b y  some suitable solvent or solvents, as 
is done in the W em er-Schm idt and Roese-Gottlieb 
methods. A  modification of a method used b y  one 
of the writers and Lillian N ye for determining fat in 
cereals’  was found to g ive excellent results both in 
am ount and p urity  of fat.

The principle of the method is the breaking down 
of the emulsion b y  dissolving all protein in acetic acid, 
the solution of the fat in a m ixture of alcohol and 
carbon tetrachloride and its extraction w ith petro
leum ether.

The reagents used are acetic acid, 25 per cent, b y  
volum e, redistilled carbon tetrachloride, 95 per cent, 
eth yl alcohol and petroleum ether w ith boiling point 
between 500 and 70° C.

The apparatus used are a m ortar and pestle for 
m acerating the can ’s contents, an evaporating dish 
of about 50 cc. capacity  for weighing out the sample, 
a 100 cc. flask for m aking up the 40 per cent, em ul
sion, a 10 cc. graduated pipette, a 100 cc. Nessler jar 
fitted w ith two rubber stoppers, one unperforated 
and used while centrifuging, the other doubly per
forated, bearing blow-off tubes similar to the W erner- 
Schm idt blow-off tube, a centrifuge, a seven cm. filter 
paper, funnel and stand, wide-mouthed flasks of 
50 to 75 cc. capacity  for weighing the fat, a small 
evaporating dish for holding wash petroleum, a petro
leum ether wash bottle, a condenser and drying oven.

In carrying out the process, the can ’s contents are 
placed in the m ortar and m acerated until thoroughly 
mixed. F orty  gram s of this m ixture are weighed out 
in the dish, transferred to the 100 cc. flask, the dish 
well washed w ith water, the flask filled to the 100 cc. 
m ark w ith w ater and then thoroughly shaken to in
sure a uniform m ixture. Four cc. of this m ixture 
are pipetted into the Nessler extraction jar  or enough 
is accurately weighed in the jar  to approxim ate 1 .6  
gram s of the original sample, 8 cc. of acetic acid added 
and the contents warm ed to about 500 C. b y  cautiously 
rotating the jar over a low flame or holding it in w ater 
of th at tem perature. W hen the protein has dissolved,
12.5 cc. of carbon tetrachloride are added and the jar 
vigorously shaken for tw o minutes, then 25 cc. of alco
hol are added and the whole m ixed b y  thoroughly 
shaking: 25 cc. of petroleum  ether is then added and
the jar  vigorously shaken for tw o minutes, then 15 
cc. more of the ether added and the shaking continued 
one m inute longer. The jar  is then corked and cen
trifuged for tw o m inutes a t the rate of about 70 
revolutions per minute. The blow-off tube is then 
inserted and the ether layer cautiously blown onto the

1 A n a lys t,  30, 128. B ull. 134, P u rdue  Univ. Agric. E xperim ent S ta tion .
2 T h is  J o u r n a l . 4 , S95.

filter, filtering it into the tared weighing flask. (In 
blowing off the ether layer, care m ust be taken that 
none of the carbon tetrachloride layer is blown off, 
which m ay happen if a too close separation of the two 
layers is attem pted. This m ay be avoided b y  blow
ing slowly and observing if an y bubbles rise in the 
tube. If bubbles are seen rising, the blowing is quickly 
discontinued and th ey are rem oved b y  gen tly  sucking 
on the blow-off tube.) F ive cc. of petroleum ether 
are then placed in the small evaporating dish and gently 
drawn into the jar b y  sucking on the blow-off tube. 
A fter a few moments this ether, which has mixed with 
the thin ether layer in the jar, is blown off and filtered 
as before. F ive cc. of carbon tetrachloride are then 
added to the contents of the jar, which is thoroughly 
shaken, then 30 cc. of petroleum  ether are added and the 
jar  again thoroughly shaken, then centrifuged for one 
minute and the ether layer separated and washed once 
as in the first blow-off. A nother addition of 5 cc. 
carbon tetrachloride and 30 cc. of petroleum  ether is 
made and the separation of the ether layer repeated 
as in the first blow-off. The filter paper is then well 
washed w ith small portions of the petroleum  ether, 
the flask connected w ith a condenser, the ether dis
tilled off and the flask heated for an hour in an oven
at a tem perature of io o °  C. and then weighed. A
fourth blow-off is not necessary as is shown later in 
the paper.

During the process, while the jar  is being prepared 
for the second and third blow-offs, the weighing flask 
is connected w ith the condenser and m ost of the ether 
distilled off. This shortens the process some and per
mits the use of a 50 to 75 cc. flask for weighing the fat.

I. D ata obtained on V an Cam p’s E vaporated Milk 
b y  H unziker’s and Spitzer’s M odification of Babcock's 
M ethod:1

No. 1. R eading  = » 2 .0 5  X 3 =» 6 .15  p e rc e n t ,  fa t.
No. 2. R eading >=«2.01 X 3 =* 6 .03  per cen t. fa t.
No. 3. R eading  «=* 2 .0 0  X 3 =» 6 .0 0  per cen t. fa t.
No. 4. R eading  =  2 .0 0  X 3 =* 6 .0 0  p e r cen t. fa t.
No. 5. R eading  =  1 .90  X 3 *=» 5 .7 0  p e r cen t. fa t.
No. 7. R eading  =  1.90 X 3 «  5 .7 0  p e rc e n t ,  fa t.
No. 8. R eading  =  2 .0 0  X 3  =* 6 .0 0  p e r cnet. fa t.
No. 9. R eading  *» 1 .90  X 3 -  5 .7 0  p e rc e n t ,  fa t.

These results are not very  uniform and are low and 
in alm ost every case a charred fat column was ob
tained which was very  difficult to read.

II.— Results obtained w ith the Harding-Parkin 
Method: These determ inations were made to find
out if a fourth blow-off were necessary.

(a) D ata obtained b y  weighing m ilk sample directly 
from can w ithout solution. Van Cam p’s brand of 
m ilk was used and each determ ination represents a. 
different can sample.

1s t  and 2nd
blow-offs 3 rd  blow-off 4 th  blow-off

P e rcen t P e rcen t Percent
No. G ram age G ram age G ram age

1 0.1252 8 .25 0.0002 0.01 0.0002 0.01
2 0.1285 8 .67 0.0006 0 .04 0.0004 0.02
3 0.1366 8 .2 6 0.0004 0.02 0.0003 0.01
4 0.1224 8.12 0.0020 0 .1 0 0.0000 0.00
5 0.1226 8 .3 0 0.0016 0 .1 0 0.0001 0.00
6 0.1456 8.20 0.0020 0 . 1 1 0.0002 0.01
7 0.1263 8 .25 0.0016 0 .1 0 0.0000 o.oo-

1 B ull. 134, P urdue  U niv. Agrie. E xperim en t S ta tion .
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(6) Data obtained b y  using a 40 per cent, emulsion 
of the milk:

1s t and 2nd .
blow-offs 3 rd  blow-off 4 th  blow-off

P erce n t P e rcen t P e rc e n t
No. Gram age G ram age G ram age

1 0.1295 8 .33 0.0005 0 .03 0.0003 0.02
2 0.1182 8 .3 4 0.0005 0 .03 0.0003 0.02
3 0.1279 8.67 0.0001 0.00

It will be observed th at b y 'com parin g the data in 
(a) and (b) that a fourth blow-off is unnecessary and 
that no error arises in using a 40 per cent, emulsion. 
There is also less chance of error in sam pling in using 
a 40 per cent, emulsion.

III. (a) A  comparison of data obtained on different 
brands of milk b y  the H arding-Parkin Method and 
the Roese-Gottlieb m ethod as given in Circ. 66, 
Dept, of Agric. These results were determ ined on 
samples weighed instead of measured and each deter
mination represents a different can of m ilk. The 
starred determinations were run on a 40 per cent, 
emulsion and the rest on the sample directly from 
the can:

V a n  Ca m p ’s  B r a n d

Harding-Parkin M ethod R oese-G ottlieb M ethod

F a t F a t Diff.
Milk F a t P er MUk F a t P e r P e r

No. Grams G ram cent. G ram s G ram cent. cent.
1 1.5100 0.1325 8 .77 4.0444 0.3296 8 .1 4 0 .63
2 1.0436 0.0893 8 .55
3 1.5177 0.1252 8 .25 4 .1270 0.3252 7 .87 0 .3 8
4 1.5069 0.1244 8.22 4.0542 0 .3250 8 .0 1 0 .12
5 1.5292 0.1263 8 .25
6 1.4764 0.1242 8 .40 3.9948 0.3175 7 .96 0 .4 4
7 1.7786 0.1476 8.31 4 .0466 0 .3270 8 .08 0.23
8 3.8191 0.1295 8.33 10.2476 0.3282 7 .87 0 .4 6
9 3.4816 0.1182 8 .3 4 10.0283 0.3135 7 .70 0 .6 4

10 4.8942 0.1622 8.2 1 10.8776 0.3485 7 .87 0 .3 4

(6) The following data were obtained on a 40 per 
cent, emulsion. The first three determ inations were 
run on the same can sample and 4 cc. were used in 
the Harding-Parkin method, representing 1 .6  grams 
of the original sample and 10 cc. in the R oese-G ott
lieb method representing 4 gram s of the original sam
ple:

A n a l y s is  o f  a  4 0  P e r  C e n t . E m u l s io n  

H arding-Parkin R oese-G ottlieb

Brand
Milk F a t

F a t
P ercen t Milk F a t

F a t
P e rcen t

Diff.
• P e rc en t

Grams G ram age G ram s G ram age age
Pet,, 0.1735 10.84 4 0.4088 10.22 0 .62

0.1731 10.81 4 0.4143 10.37 0 .4 4
0.1730 10.81 4 0.4091 10.22 0 .5 9
0.1308 8 .1 6 4 0 .3020 7 .55 0 .61
0.1415 8 .8 4 4 0.3281 8.20 0 .6 4
0.1368 8 .55 4 0 .3276 8 .1 9 0 .3 6
0.1346 8 .41 4 0.3248 8 .12 0 .2 9
0.1302 8 .13 4 0.3080 7 .7 0 0 .43

Peerless.,
0.1368 S .55 4 0.3250 8 .1 2 0 .43

.. 1.60 0.1254 7 .84 4 0 .3020 7.55 0 .2 9

.. 1.60 0.1268 7 .92 4 0 .3010 7 .52 0 .4 0

.. 1.60 0.1242 7 .7 6 4 0 .3016 7 .54 0.22

.. 1.60 0.1245 7 .78 4 0 .3002 7 .5 0 0 .28

!V. The results in IV  were obtained on a 40 per
cent. emulsion, the'am ount of m ilk used being meas-

ured as in 11(6). The m ethod used for comparison 
was a modification of the Roese-G ottlieb m ethod 
b y  H ortvet, one-half as m uch' sample being used 
as in the Roese-Gottlieb method and one additional 
blow-off being, made. E ach determ ination repre
sents a different can sample:

A n a l y s e s  o f  a  4 0  P e r  Ce n t . E m u l s io n

H ard ing-P ark in . H o rtv e t m odified R oese-G ottlieb

M ilk F a t
F a t
P er M ilk F a t

F a t
P er

Diff.
P e r

B ran d G ram s G ram cent. G ram s G ram cent. cen t.
D undee ............. . 1 .6 0.1297 8 . 1 1 4 0.1454 7 .27 0 .8 4
T acco ................. . 1 .6 0.1286 8 .0 4 4 0.1512 7 .5 6 0 .48

“ ................. 1 .6 0.1240 7.75
M eadow ............ . 1 .6 0.1261 7.88 4 0 .1566 7 .83 0 .05

M . 1 .6 0.1174 7 .34 4 0 .1530 7 .15 0 .1 9
D ak o n u n ........ . 4 0 .1454 7 .27

“ ____.. 1 . 6 0.1200 7 .5 0 4 0 .1460 7 .3 0 0.20
B a ta v ia ............ . 1 .6 0.1395 8 .72 4 0.1562 7.81 0 .0 9
P o p p y ............... 1 .6 0.1603 10.02 4 0.1882 9 .41 0 .61
Princess.......... . v. . . 4 0 .1540 7 .70
Cornell.............. , . 1 .6 0.1363 8 .52 4 0.1634 8.17 0 .35
K a h ak a ............ . 1 .6 0.1392 8 .70 4 0.1610 8.05 0 .65
V an C a m p .. .  ., . 1 .6 0.1289 8 .0 6 4 0.1554 7 .77 0 .2 9
B ea u ty .............. 1 . 6 0.1328 8 .3 0 4 0.1632 8 .1 6 0 .1 4
U n iv e rs ity . . . . . . 1 .6 • 0 .1279 7 .99 4 0 .1566 7 .83 0 .1 6
C o ttag e ............, . 1 . 6 0 .1344 8 .4 0 4 0.1658 8 .2 9 0 . 1 1
B re ak fas t......... 1 .6 0.1350 8 .4 4 4 0 .1684 8 .42 0.02
Y ours T r u ly .. ., . 1 .6 • 0.1501 9 .38 4 0.1862 9 .31 0.07
C o lu m b ian .. . . . .  1 . 6 0.1 221 7.63 4 0 .1506 7 .53 0 .1 0
B o ta v ia ............ . .  1 . 6
E v e ry  D a y . . . , , . 1 .6 0.1222 7.64
M onarch .........., . 1 . 6 0.1291 8 .07
Gold C ro ss .. . . 1 . 6 0.1253 7 .83 4 0.1544 7 .72 0 . 1 1
Peerless.......... ., . 1 . 6 0.1163 7 .17 4 0.1428 7 .1 4 0 .1 3

The determ inations in IV  were made b y  Mr. Parkin 
in Mr. H ortvet’s laboratory w ith the purpose of check
ing the two methods. The results agree quite closely 
and, w ith the exception of three determinations, give 
an average difference of 0 .166 per cent, in favor of 
the H arding-Parkin method.

To determine w hether all the m ilk fa t was rem oved 
b y  the petroleum  ether from the adm ixture of water, 
alcohol and carbon tetrachloride, a sample of butter 
fa t was purified and dried to constant weight and 
then put in a solution in the carbon tetrachloride and 
treated sim ilarly to the m ilk emulsion.

0 .1 1 7 0 .gram  of butter fa t was taken and 0 .116 9  
gram  recovered, giving a recovery of 99.90 per cent.

In conclusion, the writer feels justified in recom 
mending this m ethod for use in the analysis of desic
cated m ilk for the following reasons:

1. I t  is a short practical method readily adapted to 
commercial work.

2. I t  gives a pure fat.
3. I t  gives a higher per cent, of pure fa t than other 

methods in use.
4. I t  will g ive accurate results w ithout a close ad 

herence to the am ounts of reagents specified.
5. Justice will be done the desiccated m ilk m anu

facturer.

It  has'been found b y  a large num ber of determ ina
tions made since the above data were obtained th at 
the use of a centrifuge is not necessary and instead 
of centrifuging as given in the m ethod after adding 
the petroleum  ether and shaking, the jar  is allowed to 
stand for two minutes, when the separation of the
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tw o layers is complete. In a few cases an emulsion 
was formed which was immediately broken b y  adding 
a few drops of alcohol. The writers therefore make 
this change in the method, as previously described.

The new method gives good results on chocolate 
ice cream, where other methods on account of the 
chocolate fiber have failed to give reliable and ac
curate results. In applying the method to ice cream, a 
representative sample was melted, well mixed and 5 
grams taken for analysis, 5 cc. of acetic acid, 12 cc. 
of carbon tetrachloride, 20 cc. of alcohol and 30 cc. 
of petroleum ether were added and the process carried 
out as with condensed milk.

The following data were obtained with this method 
and tw o other methods on three samples of ice cream, 
each determination representing a different sample: 

A n a l y s e s  o f  I c e  C r ea m

H arding-P arkin Modified
W eight W est1 B abcock2

taken F a t,  G rain Percentages of fa t
5 g ram s........ , . . .  0.6603 13.20 11.75 12.00
5 g ram s........ , . . .  0.6050 12.10 10.00 11.00
5 g ram s........ . . . .  0.8152 16.30 15.00 15.50
5 g ram s........ , . . .  0.6579 13.15 12.00 12.50

1 W est’s m ethod  is described in the  Tw elfth  B iennial R eport of the  
M innesota S ta te  D airy  and  Food^Commissioner, p. 56.

2 T he Modified B abcock M ethod is described in Food Inspection  and 
A nalysis by  Leach, 1909 E d ition , p . 200, under the  heading “ Second 
M ethod,” and  a reference is given to  R ep. Illinois S ta te  Food Commissioner, 
19 0 9 , p. 80.

The method is a t present being tried out on various 
ice creams, on cheese, cereals, flours and various other 
products.

Since this paper was written, a modification of 
B abcock’s Volum etric Method b y  W . Gregory R ed
mond has appeared in the July, 1 9 1 2 , number of T h i s  

J o u r n a l .

U n iv e r s it y  o f  M in n e s o t a  
M in n e a p o l i s

THE RATE OF THE REACTION OF NITROUS ACID AND 
UREA INjDlLUTE SOLUTIONS

B y  W . D. B o n n e r  a n d  E. S. B is h o p  

R eceived Sept. 20, 1912

In Notice of Judgm ent No. 722, Food and Drugs 
A ct, the following statem ent' is made b y  Dr. W . S. 
Haines, a witness for the apellant:

“ I believe when nitrites are taken into the body 
b y  the mouth that, as they pass into the stomach and 
the m aterial becomes acid, there are certain substances 
present in the stom ach which cause their decomposi
tion ; among others, urea, which is found in the saliva. 
Urea, it is well known, in the presence of an acid and 
a nitrite, decomposes the nitrous acid of the nitrite 
— liberating nitrogen, water and carbonic acid gas. I 
believe th at nitrites, taken into the stomach with our 
food, are very largely, if not completely, decomposed 
in the stom ach in this w ay. A t body temperature, 
urea and nitrites react within half an hour.”

In the same publication, Dr. S. F. Acree, a witness 
for the libellant, is reported as saying that he had 
made experiments to determine whether or not nitrous 
acid and urea react at body tem perature and had 
found that a solution containing o . 1 part of nitrite 
nitrogen per million, the average amount assumed

1 N otice of Judgm en t, No. 722, p. 97.

to be present in human saliva, w ith the equivalent 
amount of urea and 0.2 per cent. H C1, did not react 
appreciably in 2 hours, nor was there an y  appreciable 
reaction in th at time when the concentration of urea 
was increased 50-fold.1 He also testified that solu
tions of the above concentrations do not react appre
ciably in 17 hours.3

Some experiments performed b y  one of us during 
the course of this trial, as well as theoretical considera
tions, led us to believe the results of this latter witness, 
and perhaps of both of them, to be in error. They also 
seemed to indicate that the certainty of the reaction 
might depend on the purity  of the urea used. The 
following embodies the results of our experiments 
to settle these two points.

W ith regard to the second point, we have tried all 
the samples of urea in the laboratory, including sam
ples of all grades of purity, and have found them, 
every one, to react with a given sample of nitrous 
acid, i. e., with a nitrite in acid solution. We have 
also tried all the nitrites at our disposal, of which there 
were several samples each of sodium, potassium and

ammonium nitrites, and have found th at all of them 
react readily with urea. The reaction takes place in 
acid solution only, never in neutral or in alkaline 
solutions. W e do find, however, th at sometimes, 
when working with dilute solutions, one of a pair of 
duplicates reacts normally, while one does not react. 
W e have not found this behavior in the case of solu
tions of a concentration as great as 1 part of NO, 
per liter, but when the concentration is 0 .1  part per 
million the occurrence is too frequent to be a mere 
accident. W e have no explanation to offer, but 
the m atter will be investigated further.

As for the other point, viz., .the rate of the reaction, 
reference to the curves will show th at both the gentle
men cited above were very decidedly in error.

E X P E R IM E N T A L  

The sodium nitrite and the urea used in these ex
periments were K ahlbaum ’s best reagents, and the 
laboratory distilled water was quite free from ni-

1 Notice of Judgm ent, No. 722, page 100.
2 T ranscrip t of Record, No. 3543, page 1956.
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trites. Two methods of preparing the reaction m ix
ture were used. The one w as to pipette out sepa
rately, from stock solutions of suitable strength, the 
sodium nitrite and the urea, and to add to the result
ing solution sufficient HC1 to m ake the whole 0.3 
per cent. HC1. The other was to prepare a stock solu
tion containing both the sodium nitrite and the urea 
in the desired concentrations, run this into the reac
tion flasks from a bu rette,. and to add the H C1 also 
from a burette. The latter m ethod was the more 
satisfactory, since the relation of sodium nitrite to 
urea was thus always the same, and the actual con
centration varied only as the am ount of added H C1 
varied. By adding the acid from a burette this varia
tion could, with reasonable care, be made quite negligi
ble. Before adding the acid the flasks containing the 
reaction solution were placed in the constant tem pera
ture bath and allowed to come to the bath  tem pera
ture, 37.50. The bath was electrically heated and 
controlled and was constant to ± o . i ° .  W hen the 
reaction solution had come to the tem perature of 
the bath the acid was run in, and the solution then 
stood in the bath, portions being withdrawn at suit
able intervals for the purpose of determ ining the 
amount of nitrous acid remaining, until the reaction 
was complete, or until the solution was exhausted. 
The nitrous acid was determined b y  mea,ns of the well 
known Griess-Ilosvay reaction,1 the color being al
lowed to fully develop and then compared, in a 
Schreiner colorimeter, w ith a standard of known 
nitrous acid content. The tim e necessary for the full 
development of the color we found to be considerably 
greater than usually stated in the text-books. Sut
ton says:3

"The solutions are allowed to stand 15 m inutes be
fore the pink colors are com pared.”  W e find, however, 
that except in cases where the concentration of N 0 2 
is greater than 1 part per million the solution should 
stand a half hour, and when the concentration is 
very small, 1 or even 2 hours w ill be needed.

D IS C U S S IO N

That urea and nitrous acid in equivalent quantities 
should not react to an appreciable extent in 2 hours 
is perhaps not surprising when one considers the ex
treme dilution of the solutions, o . r part of nitrite 
nitrogen, or 0.33 part of N 0 3, per million. B u t when 
one considers the delicacy of the Griess reaction, de
tecting easily 1 part of N O , per 200 million,» it seems 
strange that the progress of the reaction could not be 

etected in 17 hours. W hen, however, the concen
tration of urea was increased to 50 equivalents it would 

e very strange indeed if the rate of the reaction were 
en not appreciable. A n  interesting explanation 

0 ow such results as these were got is had b y  con- 
SU tm“ t*le transcript of record of this case.-»

There Dr. Acree states that, having m ixed the ni- 
n e and the urea solutions and having added the H C1 

an t l̂e Griess reagent, if the nitrous acid and the

2 Volumetric A nalysis," 9 th  E d ition , p. 449.
■'bid., p. 449

See Warmgton, /o u r. Chem. Soc.. 232, 1881. 
ranscnpt of Record, No. 3534, page 1956.

*35

urea then react the color of the solution will become 
lighter, and if the reaction becomes com plete the solu
tion will become colorless, “ transparent in color.”  
T h at such is not the case m ay be seen from the follow 
ing a priori consideration.

Urea and nitrous acid react to produce nitrogen, 
carbon dioxide and water. Nitrous acid and sul- 
phanilic acid react to  produce a diazo compound, 
which in turn reacts w ith the o-naphthylamine to 
produce the dye which is characteristic of the Griess- 
Ilosvay  reaction.1 Of these two reactions the latter 
has much the greater rate, i. e., a given am ount of 
nitrous acid will be decomposed b y  the Griess reagent 
in much less tim e than the same am ount of nitrous 
acid would be decomposed b y  urea. Proof of this 
is seen in the fact th at the one reaction can be used 
for the detection and estim ation of nitrous acid in 
the presence of urea, th at is, while the other reaction 
is actually  in progress. Since the tw o reactions are 
sim ultaneous the situation is analogous to th at of two 
bases com peting for less than a sufficient am ount of 
an acid. In this case the ‘ ‘ ratio of distribution is 
equal to the ratio of the respective degrees of dissocia
tion ,”  i. e., the ratio of distribution3 is equal to the 
ratio of the speeds w ith  which the tw o bases react 
w ith one and the same acid. In the present case we 
have tw o sim ultaneous reactions, one of which, when 
using 50 equivalents of urea, is com pleted in approxi
m ately  24 hours, the other in a half hour or less. W hen 
equilibrium  is reached, therefore, not more than r/ls 
of the nitrous acid will have reacted w ith the urea, 
the rest w ith  the Griess reagent, and no further reac
tion will occur. Starting w ith a concentration of 
nitrous acid of o . i p art of nitrite nitrogen per m il
lion, the difference in color produced b y  l /is of the 
nitrous acid reacting w ith the urea would not be ap
preciable, the solution could not be distinguished b y  
color from  one of the same concentration of nitrous 
acid and containing no urea. T o  show th at this is 
actually  the case, and th at the solution will not be
come colorless on standing after the Griess reagent 
has been added, we prepared solutions containing 0.2 
part of nitrite nitrogen per million, 1000 parts of 
urea per million, H C1 to m ake 0.3 per cent, solution, 
and added the Griess reagent a t once. Blanks con
taining the same concentration of nitrous acid, but 
no urea or H C1, were prepared, and also duplicates 
to w hich the Griess reagent was not added a t once, 
but in which the course of the reaction was followed 
in the usual manner. These duplicates showed the 
reaction to be com plete in one hour. A t  the end of 
5 hours the solutions containing the Griess reagent 
were little if any lighter in color than the blanks which 
contained no urea, and after standing a t 3 7 .5  0 for more 
than a m onth the colors were not perceptibly differ
ent.

R E S U M E

It  has been shown:
(1) T h at nitrous acid and urea react a t an appre-

1 The G riess-Ilosvay reagen t is sulphanilic acid  and  a-naph thy lam ine  
dissolved in ace tic  acid. F o r  th e  course of th is  reaction  see Griess, Her. d. 
chem. Ges., 427, 1879.

2 N crast, “ Theoretische Chem ie,” 5 Aufiage, s. 516.
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ciable rate even when the initial concentrations are 
so low as o . x part of nitrite nitrogen per million, 
and urea in equivalent amount.

(2) T h at once having added the Griess reagent, 
and thus converted the nitrous acid into the charac
teristic dye, urea will not then react with the nitrous 
acid, even though present in great excess.

(3) T h at nitrous acid and urea, in very dilute solu
tions, sometimes fail to react, for no apparent reason.

T h e  G o r d o n  H a l l  o f  Ch e m is t r y  ,
S c h o o l  o f  M i n i n g ,  K i n g s t o n , O n t a r io

THE INFLUENCE OF A PRECEDING CROP ON NITRIFICA
TION IN SOIL

B y  T. I.Y T T L E T O N  L Y O N  AN D  JA M E S  A. B lZ Z E L L  

Rcccivcd Sept. 11, 1912

W hile the practices of crop rotations have been 
fairly  well worked out there yet remains much to 
learn regarding the underlying principles. Most of 
the effort in experimentation with soils has been to 
ascertain the effect of certain soil conditions on plant 
grow th or on the solubility of the mineral nutrients 
in various solvents. The study of the principles of 
crop rotation will necessitate the investigation of the 
effect of plant grow th on the soil. The fact th at a 
certain plant grows better when preceded b y  one 
species of plant than b y  another is a self-evident 
indication th at plants of different species exert differ
ent influences on the soil.

The writers have suggested1 that certain higher 
plants have a distinct influence on the process of 
nitrification in the soil; that this influence varies in 
intensity w ith plants of different families, and at 
different stages in the grow th of any one kind of plant. 
It was found, for instance, th at in a soil on which 
maize was growing the nitrates were sometimes higher 
a t certain periods than in a similar soil on which no 
plants grew. T im othy (Phleum pratense), on the 
other hand, maintained uniform ly a very low nitrate 
content in the soil throughout the growing period.

The question then arose whether the higher plants 
exerted an y influence on the activities of the n itrify
ing bacteria after the plants had been removed. To 
test this it was decided to continue the nitrate deter
minations a second year in soil th at had been planted 
to several kinds of crops.

P lats that were used for studying the effect of plants 
on the nitrate content of soils in 1910 were kept bare 
in 1911 until Ju ly 1st. To keep down the weeds the 
plats were disc harrowed from time to time. Samples 
of soil were taken from the sections of the plats that 
were planted and bare in 1910, in order to ascertain 
the effect of the different crops grown the previous 
year on the nitrate content of the soil. Soil samples 
were taken from both the previously planted and un
planted sections of the plats, and the borings were 
made to a depth of eight inches from the surface, and 
again from eight to sixteen inches. Table I presents 
the results, averaged for the entire season, for the four 
plats planted to the same crop, also the average of 
the unplanted sections of the same plats during the

1 Journa l of the F ranklin  Institute, J a n . and  Feb., 1911, pp. 1-16,^205-
220.

growing season of 1910, and consequently shows the 
nitrate content of the soil in the year during which 
the test crops were grown:
T a b l e  I — N it r a t e s  i n  P l a n t e d  a n d  U n p l a n t e d  S e c t io n s  o f  Plats 

A v e r a g e  f o r  t h e  G r o w in g  S e a s o n

O n basis of 
N itra te s  n itra te s  Nitrogen in 
p. p . m . in  bare  crop 

P la t  Nos. Crop d ry  soil soil 100 Lbs. per acre

3612. 1 3 ,2 2 ,2 3 ......... 4 MaizC 167 123 3 ’5
( None 136 100

is  •)< (P o ta to e s  104 96 42.7
3614> 15> 24' 25........  j  N one. 103 100

3 6 1 6 ,1 7 ,2 6 ,2 7 ......... j  ° atS »  »  28' 7( None 126 100

The nitrates were highest under the maize, next 
highest under the potatoes and low est under the oats. 
Similar results had been obtained in previous years.

The last column of Table I shows the quantity of 
nitrogen removed per acre b y  each crop. The maize 
crop was a very  poor one, which accounts for the 
small quantity of nitrogen contained in that crop. 
It  is doubtless true th at the small maize crop is par
tially responsible for the high nitrate content of the 
maize soil, but this high nitrate content has been 
found in maize soil in previous years when the crop 
was good. Again, the persistently higher nitrate con
tent of the maize soil, as com pared w ith the bare soil, 
can be explained only on the assum ption that nitri
fication is much more active where the maize is grow
ing, for certainly more nitrates are being removed 
from the planted soil.

Nitrates are higher in the potato soil than in the oat 
soil, although the former crop rem oved fifty  per cent, 
more nitrogen. The nitrate content of a planted soil 
is not determined b y  the total q u an tity  of nitrogen 
removed b y  the crop, but b y  a num ber of factors, of 
which one appears to be a direct influence which each 
species of plant exerts on the a ctiv ity  of the nitrifying 
organisms.

The year following th at in which the results given 
above were obtained these plats were kept free from 
vegetation until July is t  and nitrates w e r e  determined 
from time to time. Table II contains a statement 
of the nitrates of the previously planted and bare 
sections of these plats on each of the dates when the 
soils were analyzed:

T a b l e  I I — N it r a t e s  i n  S o il  P l a n t e d  t h e  P r e v io u s  YBAfe 
a n d  S o il  U n p l a n t e d

M ay 1 Ju n e  S June 2S

F irs t Second F irs t Second F irst Sec'd. 
S in. 8 in. 8 in. 8 in. 8 in. 8 in.
51 .5  5 3 .4  7 7 .9  4 4 .6  40.5 34.0
48 .1  5 2 .3  6 8 .0  4 4 .0  40 .3  30.1
31 .3  2 6 .0  4 9 .8  2 6 .4  28 .6  23.9
42 .7  4 3 .0  79 .7  4 2 .6  35.2 29.4
22 .7  20 .7  41 .1  3 3 .0  22.1 21.6
3 2 .3  3 9 .6  6 8 .4  3 4 .8  33 .6  31.9

An examination of this table will show that, except 
in the case of maize, the nitrates are lower in the soil 
on which plants grew the previous year than in the 
soil kept bare a t  th at time. I t  w ill also be noticed 
that the nitrates on this bare soil are in the same 
order as they were when the plats were planted. That 
nitrates are highest in the soil previously p lan ted  to

P la t Nos. Crop.

Maize3612, 13, 22, 23... I M ( l\i
4, 25... -j

17, 26, 27... -f „
( None

3414, 15, 24, 2 5 ...  \  Potatoes 
( None

3616, it  ->< i  0 a ts
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maize, next in that planted to potatoes, and lowest 
in that planted to oats.

In Table III is given a statem ent of the nitrates in 
the planted sections of the plats in terms of the ni
trates in the unplanted sections taken as 100. To 
obtain this the nitrates in both planted ends of the 
four plats planted to the same crop are averaged and 
this is divided by the average for the nitrates on the 
unplanted sections of the corresponding plats. This 
furnishes the most accurate means of comparison 
as it removes more effectively than any other m ethod 
the local variations in the nitrate content of the soil.

Table III—R a tio  o p  N it r a t e s  i n  B a r e  S o i l  t o  N it r a t e s  i n  S o i l  o f  
S a m e  P l a t s  P r e v io u s l y  P l a n t e d .

Surface Second
8 inches. 8 inches.

M ay Ju n e Ju n e M ay June Ju n e
Plat Nos. Crop. 1 5 28 1 5 28

3612, 13. 22, 23 ... Maize 108 114 100 102 101 112
3614, 15, 24, 25 ... P o ta toes 73 63 81 60 62 81
3616, 17, 26, 27 ... O ats 70 60 66 53 95 68

There is a distinct and characteristic difference in 
the nitrate content of the soil previously bearing these 
different plants. W hile the experim ent covers only 
one season the differences w ould seem to be too large 
and well defined to be accidental.

Maize is the only crop following which the nitrates 
in the planted soil are higher than in the unplanted 
soil.

These results serve to support the idea already ad
vanced by the writers, th at higher plants influence the 
nitrifying process in soils.

On July ist the plats used in this experim ent were 
drilled to millet, the entire p lat being planted, includ
ing the middle section of each plat, which during the 
preceding year had remained bare. The object in 
planting the millet was to see how the grow th of a 
crop of these plats would correspond w ith the nitrate 
content.

On September 8th careful notes were taken of the 
growth on each p lat and a comparison made not only 
between different p lats but also between the growth 
of the millet on the previously planted section and 
the bare section of each plat.

The growth of m illet was in each p lat m arkedly 
better on the sections of the p lat th at had been in 
crop the previous year than on the unplanted section. 
This applied to every crop in the experim ent. A  
comparison of the grow th on the planted sections of 
the plats is given in Table IV , in w hich the grow th of 
millet on the plats planted to oats is taken as 100 and 
the growth on the other p lats stated on this basis:
Table I \  Grow th  o f  M il l e t  o n  t h e  P l a t s  P l a n t e d  t o  D if f e r e n t  

Cr o p s  t h e  P r e v io u s  Y e a r

A verage
G row th G row th grow th

of m il of m il of m il
Soil le t le t let

t re a t P la t P e r P la t P e r P er
m ent No. cent. No. cent. cent.

Maize.. i No lime 3612 37 3622 62 49
( Lime 3613 47 3623 71 59

Potatoes.... ( No lime 3614 60 3624 81 70
( Lime 3615 65 3625 88 76

° a ts . . . . ( No linie 3616 100 3626 100 100
( Lime 3617 100 3627 100 100

I t  will be seen th at the luxuriance of the grow th 
of m illet on these plats w as inversely proportional to 
the relative concentration of the nitrates in the soil. 
For instance, the m illet made the best grow th on the 
plats planted to  oats and these plats had the lowest 
nitrate content. The poorest grow th of m illet was 
on the maize plats and these had the highest concen
tration of nitrates.

In Table V  the ratio of nitrates to bare soil of the 
surface eight inches of the several p lats on June 28th, 
which was only a few  days before the m illet was planted, 
is com pared w ith  the percentage grow th of m illet on 
the same plats.

T a b l e  V — Co m p a r is o n  o p  N it r a t e s  i n  S o i l  P l a n t e d  t o  C e r t a i n  Cr o p s  
a n d  t h e  G r o w t h  o f  M il l e t  o n  t h e  S a m e  P l a t s

R elative  n itra te  R ela tive  grow th
Crop in 1910 co n ten t of m ille t

O a ts .......................................   59 100
P o ta to e s ..............................................  67 73
M aize......................................................  100 54

I t  would seem from these results that, in this soil, 
the conditions th at favored the grow th of m illet 
were unfavorable to the form ation of nitrates. T h at 
this is not true of other conditions is evident from the 
fact th at the m illet grew better on the limed than 
on the unlimed soil, as shown in Table IV , while the 
nitrates are also higher in the limed plats, as m ay be 
observed in Table V I, which follows:

T a b l e  V I — N it r a t e s  i n  U n p l a n t e d  S e c t io n s  o f  P l a t s  L im e d  a n d  N o t

L im e d .

N itra te s  in  soil, p. p. m.
Soil <------------------------- *-----------------------

P la t  Nos. tre a tm en t. M ay 4 Ju n e  5* Ju n e  28 A vr.
( 3 6 1 2 ,2 2 ................  No lim e 40 .5  6 1 .2  4 1 .8  4 7 .8
( 3 6 1 3 ,2 3 ................  Lim e 5 4 .8  7 4 .9  3 8 .7  56 .1
j  3614, 2 4 ................  No lim e 3 9 .9  7 6 .9  3 4 .3  50 .3
( 3 6 1 5 ,2 5 ................  Lim e 4 5 .4  82 .5  3 6 .0  5 5 .0
j  3616, 2 6 ................  No lim e 28 .5  5 1 .7  3 6 .2  38 .8
( 3 6 1 7 ,2 7 ................  L im e 3 6 .2  8 5 .2  4 0 .3  5 3 .9

I t  is quite evident th at although the previous crop 
influences greatly  the nitrate content of this soil, the 
grow th of m illet is not increased thereby. N itrates 
are not the lim iting factor in the grow th of m illet on 
this soil.

Lim e increases the grow th of m illet and also the 
form ation of nitrates, b u t apparently its beneficial 
action m ust be due to some cause other than its in
fluence on nitrate formation.

The purpose of this paper is to call attention to the 
influence of certain kinds of plants on the form ation 
of nitrates in the soil after the crops have been re
moved. The relation of the nitrate form ation to the 
grow th of m illet on this soil is a separate problem, 
probably peculiar to this particular soil, but possibly 
worth recording in passing. The interesting condi
tion exists that, of the crops used in the experiment, 
each had a certain and distinct influence on nitrate 
form ation following the rem oval of the crops, and on 
the grow th of m illet also following their rem oval, but 
th at the effectiveness of the influence is directly op
posite. I t  is not to be expected, however, th at this 
opposite effect would obtain in all soils, since the pres
ence of an abundance of nitrates would, under some 
circumstances, throw  the influence tow ards a better
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grow th of the succeeding crop. There is thus pre
sented a problem in crop rotation. If the influence of 
a  certain kind of plant on the formation of nitrates, 
'after its removal, holds for soils, other than the one 
used in this experiment, something has been learned. 
T h at other, and under some conditions, influences 
more potent than nitrate formation obtain is also in
dicated by this experiment.

SU M M A R Y

Plats of land planted to certain crops in 1910 were 
kept bare of vegetation during the early part of the 
growing season of 1911. Determinations of nitrates, 
in the soil of these plats showed a distinct and charac
teristic relation of the several plants to the nitrate 
content of the soil in the year following that in which 
the plants were grown.

Maize was the only crop following which the ni
trates in the previously planted soil were higher than 
in the unplanted soil. Potato soil was the next high
est in nitrates, and oat soil contained least nitrates.

Millet planted on these plats July 1st was m arkedly 
influenced b y  previous crops, but the luxuriance of 
grow th was inversely proportional to the nitrate con
tent of the plats.

T he beneficial influence of a crop on a succeeding 
one was not, in this case, to be attributed to the favor
able influence exerted on nitrification, but this would 
doubtless differ w ith different soils, and if this effect 
of certain plants on nitrification in the following year 
should be of general application, the influence of a crop 
on nitrification m ay be an im portant factor in crop 
rotation.

D e p a r t m e n t  o f  S o il  T e c h n o l o g y  
Co r n e l l  U n iv e r s it y  

I t h a c a , N e w  Y o r k

A COMPARISON OF SOME QUALITATIVE AND QUANTITA
TIVE METHODS FOR CARBONATES IN SOILS

B y E . W . G a it h e r  

R eceived Aug. 28, 1912

In connection w ith certain chemical investigations 
of soils, which are being conducted in the laboratory 
of the Chemical D epartm ent of this Station, it was 
found necessary to determine the carbon dioxide ex
isting as carbonates in the soils.

A fter making a number of determinations b y  the 
official m ethod,1 it was found th at there was no corre
lation between the reaction of the soils with litmus 
paper or the Veitch qualitative test and the CO, 
obtained b y  this method.

If it were assumed th at the CO, was derived from 
carbonates and it were calculated to CaCO,, the aver
age amount for acid surface soils would be 3244 
pounds CaCO, per 2,000,000 pounds of soil and that 
for acid subsoils would be 1036 pounds per 2,000,000 
pounds of soil, which would be a sufficient amount 
of this m aterial present to render any of these soils 
alkaline or to indicate that there was a sufficient 
am ount of this compound in all of these soils for all 
practical purposes. In  m any cases, where the soil 
reddened blue litmus, more CO, was obtained than 
from those which turned red litmus blue. These

1 BtiU. 107, B ureau  of Chemistry', U. S. D . A.
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variations led to the conclusion th at this method was 
unreliable as a measure of soil carbonates.

W hile considering this point, attention was directed 
b y  Mr. J. W . Ames, Chief of the Department, to a 
method devised b y  the late F . S. Marr, Carnegie Re
search Scholar, Rotham sted, England, and published 
in the Journal of Agricultural Science, Vol. I l l ,  Part 2, 
PP- 155-16 °. for determining C0 2 as carbonates in 
soils, in which the soil was boiled w ith very dilute 
acid under reduced pressure. I t  is claimed that 
under these conditions no organic m atter is decomposed 
and th at the CO, obtained is derived from  carbonates 
only.

Some of Marr’s w ork was repeated and his results 
were confirmed.

He found th at CO, was evolved from acid soils even 
when boiled with distilled w ater a t 1000 C. and that 
the amount was increased upon the addition of a 
mineral acid, while if boiled a t 500 C. under reduced 
pressure w ith 2 cc. of conc. H C1 per 100 cc. of water, 
the results were either negative or only a very small 
amount of CO, was evolved. These results were con
sidered to be within the lim its of experimental error.

The double titration method of Brow n and Escomb 
with the Amos apparatus1 was used b y  Marr, while 
a slight modification of the same m ethod and an ap
paratus designed by the w riter3 was used in this work.1

In checking Marr’s work, four soils were chosen, one 
acid, the other three giving from slight to strong alka
line reactions to litmus and progressive amounts of 
CO, with weak acid under reduced pressure. 
Comparative results under different treatm ents follow.
T a b l e I — P e r  Cen t . OF CO2 BY D if f e r e n t  M e t h o d s  o f T reatment

P e r cent.
P e r cent. CO2 when

P e r cent. CO2 w hen boiled a t
CO2 when boiled a t 50° C. for

P er cent. boiled a t 100° C. 30 m in
CO2 when 50° C. u n  w ith  20 u tes under
boiled a t der re cc. of 1-1 reduced
100° C. duced p res HC1 and pressure Reaction

w ith dis sure  w ith 80 cc. of w ith  2 cc. of soil to
Lab. tilled distilled H 20  for HCl per litmus j
No. w ater w ater 30 mins. 100 cc. paper

2 lA  hours 2 M hours
4715 0.025 0 .00 0 .190 0 .0 0 Acid
4722 0.010 0 .00 0.205 0 .01 SI. alk.
4724 0.015 0 .00 0.175 0.03 Aik.
4731 0.265 0 .04 4 .700 4 .62 St. alk.

A b b r e v ia t io n s  U s e d  i n  t h e  P r e c e d in g  a n d  F o l l o w in g  T a b l e s .

A. acid, SI. =  slightly, S t. ™ strongly , A ik. =* alkaline.
Mi. =  Miami, V. =  Volusia, D. ■= D unkirk , W ab . «=■ Wabash and 

B. or B lk. -  Black. G r. ~  G ravel, Sd. =  Sand, Si. =  S ilt, L . -  Loam, 
and  C. =*■ Clay. V. O. W . =  V irgin open woodland, V. P . =* Virgin pa3' 
tu re , M. — Meadow, P . =  Pastu re . V .F .  R . =■ V irgin fence row, V.M.G. 
— Virgin "M aple grove," R . =  R oad  side, C C ultivated .

From these results it is seen th at the soil which red
dened blue litmus paper gave no CO, when boiled un
der reduced pressure either w ith  distilled water or 
with dilute HC1, and th at none of the other soils gave 
CO, with distilled w ater under reduced p ressu ret 

except 4731, which contained a very  l a r g e  amoun, 
of carbonates, while the acid soil gave more CO, when

1 Jour. Aqr. Sci., 1905, 1-322.
- T h is  J o u r n a l .  A u g ., 1912.
1 The apparatu s  perm its  th e  use of a  sm aller am oun t of 4 per cent. 

N aOH for absorption of CO2 and  m akes i t  convenient to  t itr a te  all of 
solu tion  ra th e r  th a n  an  a liquo t, thus reducing th e  analy tica l error.

T H E  J O U R N A L  O F IN D U S T R IA L  A N D  E N G IN E E R IN G  C H E M I S T R Y
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T able  I I ,  P art  1— S u r f a c e  S o ils  0 -6  I n c h e s  t h a t  R e d d e n  B lu e  L itm u s  P a p e r .  (S ee  ] 
P e r  cent. CO2 P e r  cen t. CO2 by  P e r cent.

Lab. No V eitch te s t  L itm us te s t  by  M arr m ethod official m ethod1 H um us C ondition2

4688 1 A cid A cid 0 0.0242 1 .50 C.
5081 2 “ “ 0 0.0308 0 .47 C.
4687 3 SI. Aik. SI. Acid 0 • 0 .0308 1.53 P.
4709 4 A cid V. SI. Acid 0 0.0341 0 .91 C.
4677 5 Acid A cid 0 0.0352 1.62 C.
4681 6 M 11 0 0.0440 1.18 C.
4680 7 “ SI. Acid 0 0 .0460 1.24 c .
4711 8 M M 0 0.0462 1.47 V . F ,
4734 9 SI. Aik. u 0 0.0462 1.01 C.
4651 10 A cid A cid 0 0 .0484 1.56 M.
4652 11 M u 0 0 .0484 1.79 M.

. 5668 12 “ u 0 0.0484 3 .0 3 C.
4673 13 SI. Aik. SI. Acid 0 0 .0484 1 .20 c .
4719 14 Acid Acid O 0.0506 1.61 c.
4650 15 u SI. Acid 0 0 .0506 1.52 V. M.
4727 16 SI. Aik. N eu tra l 0 0 .0550 1.55 C.
4655 17 A cid A cid 0 0.0572 3 .5 4 C.
4663 18 “ 0 0 .0572 1.61 C.
4690 19 “ “ 0 0.0572 1.13 C.
4640 20 SI. Aik. 0 0 .0594 1.88 C.
4671 21 M SI. Acid 0 0 .0594 1.50 c .
4684 22 A cid A cid 0 0 .0594 1.57 c .
4642 23 “ 0 0 .0616 c .
4643 24 u u 0 0 .0616 c .
4661 25 “ u 0 0 .0616 1.93 c .
4704 26 a SI. Acid 0 0 .0660 . 2 .0 4 c .
4699 27 u Acid 0 0 .0680 1.21 c .
4660 28 " SI. A cid 0.0022 0.0682 1.35 V. 0 .
4639 29 “ A cid 0 0.0682 2 .4 0 c .
4662 30 “ M 0 0 .0682 2 .12 M.
4641 31 u 0 0.0682 1.74 c .
5279 32 “ “ 0 0 .0704 1.25 c .
4675 33 a SI. Acid 0 0 .0704 1.50 c .
4695 34 M U 0 0.0715 2 .31 c .
4665 35 SI. Aik. Acid 0 0 .0726 1 .34 c .
4732 36 u SI. A cid 0 0.0748 1.79 M.
4647 37 Acid A cid 0 0 .0770 1.38 M.
4654 38 “ “ 0 0 .0770 2 .0 9 C.
4658 39 Aik. 0 0 .0770 1.93 C.
4679 40 A cid u 0 0.0792 1.62 M.
4733 41 SI. Aik. SI. A cid 0 0 .0814 2 .4 9 c .
4674 42 A cid “ 0 0 .0814 2 .17 V. F .
4715 43 “ u 0 0.0836 2.02 V. O.
4736 44 “ u 0 0.0902 1.28 V. O.
4670 45 A cid 0 0.0902 1.82 c .
4648 46 “ 0 0 .0946 1.57 C.
4703 47 “ V. SI. Acid 0 0.0957 2 .6 3 V . O
4644 48 “ A cid 0 0 .0990 2 .02 M.
4657 49 SI. Aik. “ 0 0.1012 2 .4 0 V . O.
4721 50 Acid SI. A cid 0 .0132 0.1034 1.44 R . V.
4683 51 “ A cid 0 0.1078 1.61 V. O.
5283 52 “ « 0 0 .1100 2 .21 V. P .
4685 53 u 0 0 .1100 3 .4 4 C.
4646 54 « « 0 0 .1166 1.71 V. O.
4706 55 « SI. Acid 0 0.1188 3 .3 9 V. O.
4718 56 u Acid 0.0022 0 .1320 3 .2 4 V. O.
4737 57 

Average 0.0714 per cent.
A ik. N eu tra l O 0 .1518 3 .15  

CO2 *=* 3244 pounds CaCOa p e r acre, 7 inches b y  official m ethod.

Ta b l e  I I ,  P a rt  2— Subsoils  6 -36  I n c h es  that  R edden  Bl u e  L itm us  P a p e r .
Subsoil

P e r cen t. CO2 P e r cen t. CO2 b y  of surface

C.

(Se e  F ig .

^ab. No. V eitch  te s t L itm us te s t b y  M arr m e th o d  official m ethod Soil No. Condition
4686 1 Acid Acid 0 0.0022 53 C.
4710 2 M SI. Acid 0 0 .0088 4 C.
4689 3 u Acid 0 0 .0088 1 C.
4745 4 SI. A ik. SI. Acid 0 0 .0110 67 C.
4720 5 Acid Acid O 0.0132 14 C.
4700 6 u 0 0 .0132 27 c .
5280 7 u « 0 0.0198 32 c .
4645 8 « « 0 0 .0220 48 M.
4664 9 “ 0 0 .0220 18 c .
4691 10 U M 0 0.0220 19 c ,
4672 11 u <4 0 0.0242 21 c .
4649 12 « u 0 0.0264 46 c .
4682 13 « u 0 0 .0264 6 c .
4676
4659
4666

Average,

14 N eut. 0 0 .0319 33 c .
15 “ Acid 0 0.0330 39 c .
16 0 0 .0792 

0.0228 per cent. C 0 2 — 1036 pounds CaCOa p e r acre, 7 inches by  official m ethod.
35 c .

T y p e 1 
Mi. Sd 
Mi. Si. L. 
W averly  Clay 
Mi. Sd.
V. Si. L.
Mi. C. L.

Sand 
Mi. C. L.
D . G r. Sd. L. 
D . G ravel 
D. Sd. L.
V. Si. L.
Mi. C. L.
D. Sd. G r. L. 
Sandy  L.
D . clay 
Mi. C. L.
Mi. G r. L.
Mi. clay 
W ab . L.
Mi. C. L.

D. S an d y  L. 
B lk . Sd. L.
D . clay 
D . Sd. L.
Mi. C. L.
Sd. L.
Mi. C. L.
D . Si. L.
V . Si. L. 
Clyde clay 
Mi. S t. L.
Mi. C. L .
V. Si. L .
D. Gr.
D. Sd. L.
V. SI. L.
B lk . Sd. L.
V . Si. L .
D. clay 
C lay L.
D . G r. L.
D . G r. Sd. L. 
Mi. Si. L .
V. Si. L.
D. clay

M. C. L.

W averly  clay  
V. Si. L. 
Clyde clay  
W abash  loam  
Clyde clay

Type

W averly  clay
S and
Sand
S ilt loam
Clay
D. clay
D. Si. L.
V. Si. L.
Clay loam  
Mi. G r. L. 
W ab. loam  
D . G r. Sd . L . 
C lay loam  
V. Si. L.
D . Sd. L .
Mi. Si. L.
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T a b l e  I I ,  P a r t  3 — S u r f a c e  S o il s  0 - 6  I n c h e s  t h a t  T u r n  L it m u s  B l u e . (S e e  F i g . I l l )

L ab. No. • V eitch te st L itm us te s t
P er cen t. CO2 by  P e r cent. CO2 by  

M arr m ethod  official m ethod Difference
P e r cent, 

hum us C ondition  * T ype

4708 58 Acid SI. Aik. 0.0011 0.1122 0.1111 2 .88 V. O. W . Clyde clay
4667 59 « Aik. 0.0022 0.0726 0.0704 1.19 V. O. W . Mi. Si. L.
4747 60 SI. Atk. V. Si. Aik. 0.0033 0.0440 0.0407 0.97 c. S ilt loam
4722 61 Aik. Aik. 0 .0044 0.0902 0.0858 1.72 C. Sand
4740 62 Neut. 0.0044 0.0704 0.0660 1.27 R iv e r T. Clay
4746 63 St. Aik. Aik. 0.0066 0.0462 0.0396 1.43 V. F . R . S ilt L.
4725 64 “ SI. Aik. 0.0088 0.0968 0.0088 1.80 C. Sd. C. L.
4701 65 « Aik. 0 .0110 0.1034 0.0924 3 .35 C. Sand
4724 66 Aik. SI. Aik. 0.0132 0.0770 0.0638 1.79 V. S. Y . Sand
4744 67 « Aik. 0.0132 0.0660 0.0528 1.31 C. S ilt loam
5085 68 « 0.0143 0.0528 0.0385 C. Clay loam
4739 69 Si. Aik. 0.0281 0.1496 0.1215 3 .4 9 V. F . R . Clay
4730 70 Aik. 0 .0484 0.1232 0.0748 1.93 V .B . G. Clay loam
4741 71 u 0.0506 0.2168 0.1662 6.48 A lluvial W abash loam
4751 72 “ 0.0506 0.0814 0.0308 0 .98 V. D. clay
4712 73 “ u 0.0539 0.1210 0.0671 1 .96 C. Clay loam
4749 74 « Si. Aik. 0 .0682 0.1210 0.0528 1.13 C. S ilt loam
5083 75 Aik. 0.0792 0.1540 0.0748 1.34 V. 0 . w . S ilt loam
5281 76 “ 41 0.0946 0.1782 0 .0836 1.50 c . S ilt
5087 77 “ 0.2530 0.3630 0.1100 3 .2 6 B lk . Swale Clyde clay
4698 78 SI. Aik. N eut. 0.5632 0.6809 0.1177 1.88 V. F . R . Clyde clay
4714 79 Aik. Aik. 0.5720 0.6600 0.0880 1.23 V. F . R . D. clay
4743 80 1.5220 1.8830 0.3610 6 .56 V. Alluv. W abash loam
A verage difference, 0 .0912 per cent. CO2 ■=* 4144 pounds CaCC>3 p er acre, 7 inches by  official m ethod.

T a b l e  I I ,  P a r t  4— S u b s o il s  5-36 I n c h e s  t h a t  T u r n  L it m u s  P a t e r  B l u e . ( S e e  F i o . IV ) 
P er cent. CO2 by  P e r  cent. CO2 by  Subsoil of surface

Lab. No. V eitch te s t L itm us te s t M arr m ethod official m ethod Difference Soil No. Condition Type

4726 1 SI. Aik. N eut. 0 0.0572 0.0572 64 C. Sd. C. L.
4728 2 M Si. Aik. 0 0.0132 0.0132 16 C. Sd. L.
5082 3 Aik. “ 0 0.0176 0.0176 2 C. Mi. Si. L.
5088 4 V. SI. Aik. 0 0 .0286 0.0286 68 C. Clay L.
4705 5 SI. Aik. N eut. 0.0022 0.0253 0.0231 26 C. B lk. Sd. L.
4723 6 u Aik. 0 .0066 0.0462 0.0396 61 C. Sand
4738 7 Aik. Si. Aik. 0.0088 0.1012 0.0924 57 C. Clyde clay
4656 8 SI. Aik. Aik. 0.0088 0.0396 0.0308 17 C. D. Clay
4702 9 u SI. Aik. Ö.OOS8 0.0242 0.0154 65 C. Sand
4707 10 “ ** 0.0088 0.0506 0.0418 55 V . 0 . w . Clyde clay
4717 11 Aik. N eut. 0.0110 0.0682 0.0572 C. W abash  L.
4697 12 “ Aik. 0.0770 0.1331 0.0562 34 c . Mi. B lk. C. L.
4742 13 Si. Aik. 44 0.3652 0.4048 0.0396 71 Alluv. W abash L.
4748 14 Aik. 0.5522 0.6050 0.0528 60 c . Silt L.
4731 15 “ 2.0680 2.1010 0.0330 70 V. B . G. Clay L.
4713 16 “ u 2.0900 2.1010 0.0110 73 C. Clay L.
4750 17 “ SI. Aik. 2.1030 2.1650 0.0620 74 C. S ilt L.
5086 18 Aik. 7.9090 8.0960 0.1870 77 B lk. Swale Clyde clay
Average, 0.0477 p e rc en t. CO2 ■» 2167 pounds CaCC>3 p er acre, 7 inches b y  official m ethod .

boiled a t io o °  w ith distilled water than either 4722 
or 4724, and th at this was considerably increased for 
all soils on boiling a t ioo ° with H C1. Sample No. 
4731, which contained a very large amount of C0 „  
gave nearly the same with acid under both ¿ondi- 
tions, viz., 0.08 per cent, higher for the strong acid 
a t ioo ° C., which difference is not far from the aver
age am ount obtained from acid soils b y  boiling at 
1000 with H C1, as is seen from Table II.

Repeated experiments with other soils gave the 
same variations as are above shown. Only soils con
taining large quantities of carbonates gave any CO, 
when boiled w ith water alone under reduced pressure.

A fter this preliminary work was done it was de
cided to make the determination of CO, b y  both m eth
ods and compare these results with the litmus paper 
and V eitch  qualitative tests.

F or this work 114 samples of soil were used, repre
senting eighteen different types, varying from light 
sands to h eavy clays and from 0.47 per cent, to 6.56 
per cent, of humus b y  the modified Grandeau m ethod; 
80 were surface soils, 21 of which were virgin soils from 
tim ber lands, fence rows or pastures; 34 were sub
soils below the cultivated surface soils.

The litmus paper test was made b y  moistening the 
soil w ith boiled distilled w ater and m aking it into a 
stiff paste, a strip of blue and a strip of red azolitmm1 
paper were placed about an inch apart in a petri dish, 
covered w ith a piece of filter paper and the wet soil 
spread over the filter paper, other strips of red and blue 
litmus paper were folded and inserted into openings 
in the soils which were pressed against the folded 
paper so th at when the paper was unfolded it pre
sented a  clean surface th at had not been in direct con
tact w ith the soil. A  third set of strips were placed 
on top of the soil and pressed firm ly against it so the 
contact would be perfect; the cover was then placed 
on the dish and allowed to remain over n ig h t; the com
parison was made w ith a moistened strip of n e u tr a l  

litmus paper. None of the paper was handled with 
the fingers.

The results were recorded in order of the degree of 
color change produced in the paper. There was very 
little difference in degree of color produced by the sam e 

soil for any of the methods of applying the paper, 
and it seemed th at one m ethod w as as good as the 
other so long as the soil remained covered and the con-

1 The b est grade of azolitm in  p ap er was used.



Feb., 1913 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 141

tact was allowed to continue for a sufficient time.
The Veitch qualitative test was made b y  shaking 

10 grams of soil w ith 100 cc. of cold distilled water, 
free from C0 „  and allowing to settle over night or until 
sufficiently clear to pipette off 50 cc., to w hich was 
added a few drops of phenolphthalein; it was then 
boiled to about cc. in a 150 cc. Jena beaker and the 
degree of color recorded, as very  slightly alkaline,

F io . 1

slightly alkaline and alkaline. I f  no pink color ap
peared, it was recorded as acid. A ll these tests were 
checked by two analysts.

These reactions were tabulated and com pared w ith 
the CO, results obtained b y  the tw o m ethods as 
found in Table II:

From this table it is seen th at there is a very  m arked 
agreement between the reaction of these soils and the 
CO, obtained by the Marr m ethod, while there is 
little or no agreement w ith the official method.

F io . I I

A comparison of the CO, b y  the tw o methods shows

th at for all of these soils there is a wide variation be
tween the tw o sets of results. In  m any cases acid 
soils give more CO, b y  the official m ethod than a lka
line soils, especially is this true of surface soils high 
in organic m atter. In the case of subsoils there is a 
som ewhat closer agreement. For soils containing 
large am ounts of carbonates the differences are not 
v e ry  great for such quantities, b u t are of about the 
same m agnitude as those obtained from  soils giving 
no CO, b y  the Marr method.
T a b l e  I I I — L a b o r a t o r y  N o s .  o f  S o i l s  i n  w h i c h  V a r i a t i o n s  O c c u r r e d  

B E T W E E N  T H E  Q U A L IT A T IV E  T E S T S  A N D  CO2 B Y  M A R R  M E T H O D1
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0 -6 4718 4718 0 .0022
0 -6 4721 4721 0.0132
6-36 4726 4726 0
0-6 4727 4727 0
6-36 4728 4728 9
0-6 4732 0
0-6 4733 0
0 -6 4734 0
0-6 4737 4737 0
6-36 4745 0
6-36 5082 5082 0

14-24 5088 5088 0
0-6 4640 0
0-6 4657 0
0-6 4658 0
0-6 4660 4660 . 0.0022
0 -6 4665 0
0 -6 4671 0
0 -6 4673 0
0 -6 4687 0
0 -6 4708 0.0011

1 F o r  o th e r  d a ta  on  these  sam ples see T ab le  I I .

Table III  shows the variations which occurred 
between the litm us and V eitch  tests and the CO, 
from  these soils b y  the Marr m ethod.

Samples 4718-4721 and 4660 were the only soils 
w hich were acid to litm us paper th at gave an y CO, 
at all (these results were checked and four determ ina
tions gave the same am ount of CO,). Sample 4718 
is a virgin tim bered soil overlying an alkaline subsoil 
containing CaCO,; 4721 is a virgin soil from  a fence 
row on a roadside and m ay have been contam inated 
w ith  CaC0 3 in the road dust; 4660 w as a virgin tim 
bered soil; 4708, which was acid b y  the V eitch  test 
and alkaline to litm us, w as a virgin tim bered soil, no 
subsoil -being taken. W ith  the exception of these 
four virgin soils, it  is observed th a t all of the soils, 
which reddened blue litm us paper, failed to g ive any 
CO, at all.

O nly three soils th at react alkaline to litm us paper 
fail to  g ive  CO, and these are all subsoils which are 
only slightly alkaline. This alkalin ity, as pointed out 
b y  Cam eron,1 m ay be due to the presence of certain 
minerals which give alkaline solutions b y  hydrolysis, 
independent of the presence of carbonates.

Of the 17 soils th at were alkaline b y  the V eitch  test 
and gave no C O „ six were alkaline or neutral to lit
mus paper, the remaining eleven reddened blue lit- 

1 B u re au  of Soils, B ull. 30.
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T H E  M E T H O D  F O R  C O j IN  S O IL S

The changes made in the m ethods used by Marr 
are in the am ount of 4 per cent. N aO H  used, the titra
tion of all of the solution instead of an aliquot, and 
the use of a different apparatus.

R epeated tests using c. p . carbonates and samples 
of soil justified these changes.

The method as used in this laboratory is as follows: \
P ut from 2 to 20 grams of soil (depending upon the 

amount of carbonates present) into an y suitable flask 
or bottle of about 250 cc. capacity  th at will stand a 
vacuum  of 70 cm. of mercury, add 80 cc. of CO,-free 
distilled w ater and m ix thoroughly, connect to dis
tilling apparatus1 and start vacuum  pump. When

F io . I l l

are arranged in ascending series. Figs. I l l  and IV  show 
th at there is still no regularity in the variations of the 
two methods until the amount of C0 2 approaches
0.3 per cent., from which point the differences are not 
so noticeable, but are still of about the same magni
tude as for soils giving no CO, at all.

A s a rule, the differences between the two methods 
are greatest for virgin soils or soils containing large 
am ounts of organic matter.

W hile no pot or field work has been done on these 
soils, observations made a t the time of sampling and 
the agricultural history of the sections from which 
these samples were taken, point to the fact that there 
is a close agreement between their carbonate content 
and the productivity of the soils, especially . as indi
cated b y  the clover yields.

n  n  /<f t  *■ * *  f
¿¿.of

F ig . IV
the air has been rem oved from  the apparatus and a 
vacuum  of 65 to 70 cm. is obtained, run in 20 cc. of a 
solution of HC1 (2 cc. HC1, 1 .1 9  sp. gr. to 18 cc. of 
water) through separatory funnel. Boil for 30 mm' 
utes; the CO, evolved is absorbed in N aO H  made from 
Na (25 cc. 4 per cent. N aO H  and sufficient C0 2-free 
water to cover the broken glass rod in the abso rbin g 

tower). The bottom  of the distilling flask or bottle 
should be about 3/t inches above the gauze p ro tectin g  

it from the free flame. I f the liquid is thrown into 
the condensing tube the flame should be lo w e r e d .

Relieve vacuum  and draw out the absorbing liquid 
from the tower into a 400 cc. beaker or Erlenmeye' 
flask, wash out tower w ith 250 cc. of C0 3-free distilled 
water, add about 1 cc. of phenolphthalein and run m 
normal HC1 until red color begins to fade; finish this 
titration with N /20 HC1. W hen this end point is 
reached, add 2 drops of m ethyl orange solution t1

1 T h i s  J o u r n a l ,  4, 611-612.

Sutaoik jhat /urn red 
h i m  US p a f t r  t iu e .

mus. Some of these gave no alkaline reaction to 
phenolphthalein when the soil itself was boiled with 
w ater and the clear extract tested.

B y  inspecting Figs. I and II, in which the percent
age of COj by the official method is arranged in 
ascending series, it is readily seen th at there is 
no regularity in the variations of the amount of C0 3 
obtained b y  the two methods. B y  eliminating the 
three samples, 4718-4721 and 4660 (to which attention 
has been directed), the curve representing results ob
tained b y  the Marr method becomes a straight line 
for all soils th at redden blue litmus paper, whether 
surface or subsoils.

For alkaline soils the results by the Marr method

Surface Soil.s /h o t 
lurn lihnvs i/i/e
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gram per 1000) and fill burette w ith N /20 H C1. Take 
no account of N  or N / 20 acid used in the previous 
titration. Run in N/20  H C1 until the lemon color 
of the alkaline m ethyl orange ju st darkens to slight 
orange,1 take reading of N/20  acid and subtract blank, 
which should be about 4 cc. x cc. N/20  HC1 =  o. 0022 
gram C0 2, 0.0028 gram  CaO or 0.005 gram  CaC0 3.

C O N C L U S IO N S

The boiling of soils w ith mineral acids at io o °  C. (as 
pointed out by Cameron, Marr and others) decomposes 
organic matter and liberates C0 2 which is not present 
as carbonates and therefore the official m ethod is of 
no value as a measure of carbonates in soils.

That if soils are boiled under reduced pressure at 
500 C. with very dilute mineral acids no organic m atter 
is broken up and the C0 2 evolved is all derived from 
carbonates.

That the litmus paper test, if properly made, is the 
best qualitative test we have for the presence or ab 
sence of native carbonates in soils from humid regions.

That some soils m ay give alkaline aqueous solu
tions, not due to the presence of carbonates b u t to the 
hydrolysis of certain minerals which exist in these soils.

That, although the reddening of blue fctmus paper ■ 
by soils may be due to the absorption of the base from 
the hydrolyzed litmus salt, the presence of native 
carbonates in a soil m ay either prevent this selective 
absorption or cause an interchange of bases to take 
place.

That if a native carbonate, capable of being decom
posed by weak HC1 a t low tem peratures, is present 
in a soil it is indicated b y  the bluing of red litmus 
paper when brought in contact w ith the moist soil.

That if there are no alkalies or basic m aterials, in 
a soil, which are capable of giving alkaline solutions, 
the absence of such substances will be indicated b y  
the reddening of blue litm us paper.

That if these conclusions are correct, as is strongly 
indicated by the data already presented, there exists 
in soils which redden blue litm us paper a condition 
favorable to the formation of acids or acid salts which 
would unite with the base absorbed from hydrolyzed 
itmus and fail to return another base in its stead, 

t us producing the reddening of the indicator, even 
t ough it yields no H ions to a w ater solution. I t  is

erefore possible th at such a soil m ay be capable 
0 producing a physiological effect similar to th at pro-

uced by stronger acids which do yield  H ions to 
aqueous solutions.

Laboratory of  t h e  Ch em ical  
Department o f  t h e  O hio 
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dat° ^  inVestiSa| P ns on t ^c subject have gone to 
e, nitrogen as nitrates still retains the importance

solutions TOnf0 WC" l0r.^ lOS<"' no t fam ilia r w ith  th is  titr a tio n  to  p rac tice  on 
to establish U ajniI1K a N-ajCOa* I t  will be necessary fo r each  an a ly st 

an 3(*kerc s tric tly  to  a  c o n stan t end  p o in t fo r b o th  ind ica to rs .

which m ust of necessity attach to an essential and 
very elusive element of plant food. W hile some 
plants m ay prefer to take up nitrogen as ammonia 
there can be b u t little question as yet th at m ost plants 
prefer the nitrate, and we have further evidence th at in 
the absence of such nitrate m aterial the enforced 
absorption of ammonia b y  plants is apt to result in 
certain m anifestations of disease due to the disturb
ance of their physiological mechanism. This, there
fore, together w ith the fact w hich H ilgard has pointed 
o u t,1 th at unhumified organic m atter, in his defini
tion of the term, will not nitrify, would appear to 
invest the humus determ ination in soils by. some 
m ethod sim ilar to th at of Grandeau3 w ith prim ary 
im portance in the chem ical analysis of soils. Equal 
im portance will, of course, attach  to the nitrogen de
term ination in humus since from w hat has been said 
above it is that, and not the total soil nitrogen, which 
m ay be depended upon to yield  through nitrification 
an available supply of nitrogen to plants.

The general acceptance of the view s above given 
has led to the prosecution of extensive studies looking 
tow ard the perfection of the m ethod for determ ining 
humus in soils and the reader is referred for a discus
sion thereof to the recent w ork of A lw ays and his 
associates and to th at of K elley  and M cGeorge.4 B u t 
while much w ork has been done on the m ethod of 
determining humus, but little or no system atic work 
has been done on the determ ination of nitrogen in 
the humus since it has alw ays been assumed th at the 
latest modifications of the K jeldahl or Gunning 
m ethod were as reliable for determ ining nitrogen 
in the humus as th ey were for determining th at ele
m ent in other substances. To obtain a more relia
ble and uniform m ethod for this determ ination we 
have carried out a series of investigations in which 
some of the best known methods for the determ ina
tion of nitrogen in humus were com pared and the re
sults of which we describe below.

H U M U S  E M P L O Y E D  IN  T H E  E X P E R IM E N T S

In order to experim ent w ith w idely different kinds 
of humus we extracted  soils of low, good, and very  
high humus content in accordance w ith the m ethod 
outlined in Circ. 6, of the California Agricultural 
E xperim ent Station. The soils em ployed for this 
purpose were as follows:

No. 1. L igh t san d y  soil from  w alnu t orchard , A naheim , California. 
H um us co n ten t 0 .55  per cent.

No. 2. S ilty  clay loam  derived  from  th e  S ta te  of W ashington. H um us 
co n ten t 8 .8 9  per cent.

No. 3. Tule soil from  island in  th e  Sacram ento  R iver. N early  all 
organic m a tte r. H um us con ten t 28 .7  p e r cent.

E X P E R IM E N T S  ON- T H E  D E T E R M IN A T IO N  O F N IT R O G E N  

IN  V A R IO U S  H U M U S  S O L U T IO N S

Portions of fifty  cubic centim eters of humus extract 
were boiled w ith one gram  of magnesium oxide in 
500 cc. Jena K jeldahl digestion flasks until no more 
amm onia was given off as indicated b y  a test with

1 “ Soils,”  M acm illan S: Co., 1910, p. 359.
2 Circ. 6, California Agr. E x p t .  S ta tion .
3 Bull. 115, N ebraska Agr. E x p t. S ta tio n .
* Bull. 33, H aw aii Agr. E x p t. S ta tio n .
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litm us paper. The residue was then treated for the 
digestion of the nitrogen b y  the different methods 
whose relative efficiency was to be tested. A ll the 
methods given are so well known as to need no further 
description here. The last method, which was 
first suggested by Hibbard, as a result of some of 
his investigations on fertilizers, deserves brief de
scription here, however, since it was published only 
recently1 and because it has given b y  far the best re
sults in our hands. The method of digestion as pro
posed b y  Hibbard consists in treating the substances 
to  be analyzed with 30 cc. of concentrated H,SO< 
until fumes of SO, begin to come off. There is then

I. The H ibbard method of digestion gives the high
est amounts of nitrogen in all cases except one (see 
Soil No. 3), thus showing a more thorough digestion.

II. The duplicate and triplicate determinations 
show the best agreement when the H ibbard method 
is employed.

III . The digestion is carried out m ost rapidly by 
the H ibbard m ethod and, particularly, much more 
rapidly than b y  the salicylic acid m ethod which, in 
other respects, comes the nearest to the Hibbard 
method in yielding satisfactory results.

IV . In all the methods em ployed, considerable 
trouble w ith bum ping was experienced except with

C o m p a r i s o n  o f  N i t r o g e n  D e t e r m i n a t i o n s  b y  D i f f e r e n t  M e t h o d s

Soil No. 1 Soil No. 2 Soil No. 3

M ethod of N determ ination  employed

W ilfa rth ’s m e th o d ......................................................  25

G unning-A tterberg  m e th o d ................................... 20

H ibbard  m eth o d .................. ...................................... 15

Salicylic acid m e th o d ................................................  30

Time
necessary
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( 2 . I 7 
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added 12 grams of a salt m ixture consisting of 10 
gram s K 3S0 4, 1 gram  FeSO , and 0.5 gram  CuSO*, 
and the solution is digested until the nitrogen is all 
changed to ammonia. There follow results obtained 
b y  the use of humus portions equivalent in the case of 
Soil No. 1 to 10 grams of the soil, in the case of Soil 
No. 2 to 1.6 6  grams of the soil and in the case of the 
Soil No. 3 to 0.5 gram  of the soil. The amounts of 
nitrogen found in milligrams are given in duplicate 
or triplicate and the percentages of nitrogen are cal
culated on the basis of the averages of these amounts. 
A ll other data are given in the table below:

In a comparison of the data set forth in the 
above table, and the experience had in the manage
ment of the various determinations we find:

Mg. hum us
( 7 . 3 1

< 7 .2 1 4 . 8 6
( 7 .O7
(  8 .0 5

< 7 .7 0 5 . 3 2

I ------
t  8 .1 3

< 8 .3 6 5 .5 7

V ------
(  7 . 6 6

< 7 .6 6 5 . 1 4
( 7 . 4 9

method, in

Tim e 
necessary 

P e r  cent. to  clear 
n itrogen  in so lu tion  

M inutes

40

3 5

3 0

60

N itrogen
found

Mg.
(  1 3 .2 7

< 1 3 .6 4  
(  1 3 .5 1  
( 1 3 .0 5

< 1 3 .6 6  
( 1 3 . 8 7  
Í  1 3 .9 4

■{ 1 3 .6 6  
1 3 .8 7  

28  
21 
10

P e r ccnt. 

nitrogen in 

humus

4.62

4.71

4.82
^ 10.0 

j 1 4 .2  
< 1 4 .2  
(, 1 4 .1

4.95

the H ibbard method, in which the digestion pro
ceeded rapidly and quietly in all cases, thus confirm
ing the experience of H ibbard as reported in the paper 
above cited.

V. The m anipulation included in the Hibbard 
method surpasses in sim plicity and speed all the other 
methods tested, among which are those most com
monly used to-day.

In view  of the fact, therefore, th at the Hibbard 
method is far superior to the others so far as both ac
curacy and speed are concerned, we must urge its 
use in all humus nitrogen determinations.

S o i l s  R e s e a r c h  L a b o r a t o r y  

U n i v e r s i t y  o f  C a l i f o r n i a  

B e r k e l e y

LABORATORY AND PLANT
THE MANUFACTURE AND PROPERTIES OF SUBLIMED 

WHITE LEAD2
B y  J o h n  A .  S c h a e f f e r

The m anufacture of sublimed white lead, the com
m ercial name for the basic sulfate of lead prepared 
b y  the sublimation process, depends directly upon the 
oxidation of galena, the sulfide of lead, when sub
jected to intense heat in an oxidizing atmosphere. 
The combustion under these- conditions proceeds 
w ith violence resulting in the formation of a white 
sublim ate, which, when purified, is known as sub
limed white lead.

1 T ins J o u r n a l ,  2, 4 6 3 .
2 P aper p resented  a t  th e  E igh th  In te rn a tio n a l Congress of Applied 

C hem istry, New Y ork, Septem ber, 1912.

The reaction which occurs in this oxidation of 
galena m ay be -written as follows:

6PbS +  n 0 2 =  2 P b j S 30 ,  +  2 S O 3.

This formula, P b ,S ,0 , or 2PbSO<.PbO, is an alogous 

to the generally accepted formula for the basic car
bonate of lead— 2PbC 03.P b (0 H ),. Commercial sub
limed white lead, however, contains a higher per" 
centage of lead sulfate than th at required for the abo\e 

theoretical formula. W hile the formation of tj16 
theoretical basic sulfate of lead is entirely feasible, >-5 
m anufacture has not proved com m ercially a d v a n ta 

geous. The conditions for the oxidation of the sulfide 

of lead are, consequently, so adjusted that a com
pound showing about 16 per cent, of lead oxide is ob
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tained. The conversion of a small percentage of the 
lead oxide, present in the theoretical basic sulfate of 
lead, to lead sulfate, undoubtedly results from a re
action between the lead oxide and the sulfur trioxide 
which forms from the oxidation of a certain am ount 
of sulfur dioxide. A  small percentage of zinc oxide 
is formed at the same tim e from the sphalerite, the 
sulfide of zinc, which is present in alm ost all non*- 
argentiferous lead ores. I t  is m aintained th at the 
presence of about 6 per cent, of zinc oxide enhances 
the value of the pigment.

Coke of a hard com pact variety  is used as fuel, 
while iron, in the metallic form, and limestone serve 
as fluxing materials together w ith the silica present 
in the ore. Any metallic lead which forms from a re
duction of the lead compounds b y  the coke, a t the 
intense heat continually m aintained in the furnace, 
is separated from the readily fusible slag b y  a differ
ence in their specific gravities.

F ig . I— D ia g r a m  s h o w i n g  l o c a t i o n  o f  f u r n a c e s  i n  r e l a t i o n

TO COMBUSTION C H A M B E R  A N D  " B E E H IV E ”

Blue Fume, the fume known com m ercially as sub
limed blue lead, is frequently added to the charge. 
This fume is formed in the sm elting of lead ores and 
is recovered by the' bag room process. It  is found to 
contain about 35 per cent: of lead oxide and about 50 
per cent, of lead sulfate. This fume pigment, sub
limed blue lead, is rapidly finding extended use as a 
paint pigment for the protection of iron and steel. 
Its composition renders it extrem ely valuable as 
charge material and being a product of sublim ation it is 
extremely reactive when subjected to the conditions 
found in the oxidizing furnaces.

The method of charging the furnaces varies w ith 
atmospheric conditions and the life and tem perature 
°f the furnace, charges being form ulated to meet 
these conditions.

By following the charge from  the raw  m aterials to 
e finished products, the general working conditions 

can be best understood.
The oxidizing furnaces, tw o being considered a 

unit, consist of oval iron water-jackets, four feet in 
eight, open at both ends, the upper end being five 
* * *  ên2th and three and one-half feet in width, 

is water-jacket is securely built in a brick struc- 
re> on a solid brick tiase, and has a small opening in

front which serves as a tap hole for the continuous 
rem oval of slag and m etallic lead and their separa
tion b y  the difference in their specific gravities. An 
oxidizing atmosphere is m aintained b y  blowing air 
through tuyère holes entering near the base of the 
furnace. The feed door of suitable size and form is 
placed at one side of the furnaces.

T he brickwork surrounding the w ater-jacket or 
furnace proper is extended upward so as to form a 
iarge com bustion chamber, which té in some cases 
w ater-jacketed.

Im m ediately upon feeding the charge into the fur
nace, the fire of which is m aintained a t a point of in
candescence, the reactions previously described occur 
w ith great violence and the volatilized lead passes 
upward into the com
bustion chamber.

Suction is m aintained 
b y  a powerful fan placed 
between t h e , bag room 
and the “ goose-necks” 
w hich draws the con
densed fume onward 
through the c o o l i n g  
system , finally driving it 
into the bag room where 
it is deposited.

The cooling system  is 
built so as to produce 
■maximum cooling effect 
b y  the introduction of 
baffles which prevent the 
easy passage of the fumes 
into the bag room. A fter 
the- fume has passed out 
of the beehive, where it is condensed and purified, it is 
drawn through the “ goose-necks," large inverted 
U-shaped pipes resting on hoppers, b y  the large suc
tion fans and thence forced into the bag room.

The bag room is of a special typ e som ewhat sim ilar 
to those used in the collection of all fumes.

In the sublimed w hite lead bag room, however, are 
found three rows of hoppers (Fig. V ), each hopper 
carrying 24 bags. The pressure of the fan forces all 
the gas through the cloth of the bags, while the subli
m ate is deposited. Occasional shaking throws the 
fume into the hopper where it is packed for shipment.

Sublim ed white lead, as it is rem oved from the 
hoppers, is w hite in color. Much fum e, however, 
which is unsatisfactory and not suited for use in the 
various arts, is deposited in the portion of the cooling 
system  preceding the suction fan. This fume is con
tam inated w ith  a small percentage of coke, ash and 
other impurities, and being of a higher specific g ra v ity  
than pure sublimed w hite lead it is readily deposited 
before reaching the fan, b y  a careful adjustm ent of 
the suction. The fum e becomes darker in color the 
nearer the approach to the furnace. A s a charge m a
terial the sublim ate is excellent, owing to its very  finely 
divided condition.

Sublim ed white lead, being a fume product, con
sists of very  fine amorphous particles, in size about

F i g . I I — D i a g r a m  s h o w i n g  a r -t
R A N G E M E N T O P BA G  ROOM
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one thirty-five thousandth of an inch in diameter. 
Its specific gravity is found to be 6. 2.

In composition it shows approxim ately 78 per cent, 
of lead sulfate, 16 per cent, of lead oxide, and 5 .5  per 
cent, of zinc oxide. T h at the lead oxide present is 
chemically combined as a basic sulfate of lead, the sul
fate of lead present in excess of the am ount required 
for the theoretical formula being present as neutral 
sulfate of lead, is held b y  practically  all authorities. 
Chevalier claims the formula of Pb3S20 „ for the fume 
resulting from a furnace roasting lead sulfide.

According to Toch,1 we find that “ A  m ixture of 
precipitated lead sulfate, litharge and zinc white in 
approximately the proportions found in sublimed
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est difficulty. I t  shows only slight darkening in an a t
mosphere containing appreciable amounts of hydrogen 
sulfide gas. W hen used in colored paints containing 
chem ically reactive tinting materials, it exhibits chem 
ical inertness. The tinctorial power and opacity  is 
directly lowered w ith a decrease in the percentage of 
lead oxide.

W hen chalking is noted in paints containing high 
percentages of sublimed w hite lead, it is found to 
differ from that noted in the case of other w hite lead 
pigments. According to H olley,1 \ye find: “ W hen 
ordinary w hite lead begins to chalk vigorously, it 
will be found th at the paint film has lost its elasticity, 
and has become brittle and friable throughout; also,

T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

kad, when ground in oil and reduced to the proper 
consistency, dries totally  different from sublimed 
" ’te kad ; in fact, sublimed w hite lead, when ground in 
ra" linseed oil, takes two days to dry dust free, but 
t e mixture just cited will dry sufficiently hard for re
painting in twelve hours, because lead sulfate is a 
air drier and lead oxide a powerful one. The oxy- 

S,U atc having the same composition, behaves totally  
1 erent from the m ixture.”  A  m ixture of the neu- 
ra 'eat* sulfate with tw o per cent, of sublimed lith- 

sho\' i'nCSt anc  ̂ Pa êst oxide of lead yet prepared, 
o\vs a yellow color not approached b y  an y sublimed 
W le g  yet made, 

of t Î en Suk^mec* white lead is subjected to the heat 
int- e b'°'vpipe it is reduced to m etallic lead, when 

imately mixed with charcoal only w ith  the great-
heimstry and Technology of M ixed P a in ts ,” M axim ilian Toch, p . 19.

th at the luster of the film under the chalk-like coat
ing has entirely disappeared. A  sublimed white lead 
film, on the other hand, retains much of its original 
e lasticity under the chalk coating, indicating th at 
the disintegration is confined to the surface, and it 
is possible th at the retention of the ‘ ch a lk ’ on the sur
face gives some protection to the unaffected coat be
low. ’ ’

The pigm ent, in common w ith other w hite lead com 
pounds, finds its greatest value when compounded 
w ith zinc oxide and a small percentage of inert p ig
ment of a crystalline nature, as these pigm ents tend 
to overcome those factors w hich m ilitate against the 
use of the pigm ent alone.

Sublim ed white lead is a pigm ent extensively used 
in the compounding of the finer grades of rubber goods.

1 “ Zinc and  L ead P igm en ts ,” H olley, p . 115.

F i g . V — H o p p e r s  i n t o  w h i c h  s u b l i m e d  w h i t e  l e a d  f a l l s  f r o m  b a g  r o o m
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The pigment has been found to practically inhibit 
corrosion on iron and steel even after long exposures, 
and ranks favorably w ith all other pigments yet pre
pared for the elimination of this decay. In conse
quence, it is rapidly finding its predicted place among 
paint pigments not only as a protective coating for 
wood but as a preservative for iron and steel.

P i c h e r  L e a d  C o .

J o p l i n , M o .

A N E W  FO R M  O F LABORATORY EX TR A C TIO N  A P P A R A T U S 1
B y A. E . P e r k i n s  

Received O ctober 25, 1912

The great variety  of extraction apparatus now on 
the m arket would seem at first thought to supply 
a form adapted to any purpose; yet, in selecting ap
paratus for continuous use in a laboratory where large 
numbers of extractions must be made, one is impressed 
w ith the fact that all these forms have in common 
some of the disadvantages enumerated below.

Most forms of extraction apparatus are very com
plicated, very expensive and very frail. N early all 
forms have two joints of the cork, ground glass or 
m ercury seal type. These are sources of endless break
age trouble and annoyance, besides furnishing ' an

F i c .  1

easy means of contaminating sample or solvent with 
w ater leaking from or condensing on the supply pipes. 
N early all the common forms of extraction apparatus 
m ust be supplied with water under pressure, which 
m ust ordinarily be conveyed to the condcnser through 
rubber tubing. This rubber tubing m ay frequently 
break or leak and flood the laboratory, or kink and 
shut off the w ater supply; moreover, to keep it in good 
condition requires continual care and expense.

Efforts by the writer to eliminate certain of these 
defects from an apparatus to be used in this laboratory

1 D raw ings b y  Mr. W m . P . Beeching, J r .

have resulted in the construction of the form of ap
paratus which is here described.

The frame supporting the apparatus (Fig. i) is 
of Vs inch m etal tubing and has approxim ate dimen
sions of 3 6 X 3 2 X 8  inches, accomm odating 8 ex
traction flasks which are placed 3‘ /a inches between 
centers.

The extraction flask A  (Fig. 3) is flat bottomed 
and has a diam eter of 2*/t inches and a height of 
2 inches to the base of the neck; the constricted por
tion of the neck B has height and diam eter of about

F ig . 2

one-half inch each ; the large upper portion of the neck 
C  has a diameter of i ‘ / s  inches and a height of 12 

inches. The condenser D is m erely a test tube 
of special shape (9 inches X 7/s inch). The small 
glass tube E  has a diam eter of about V , t inch. All 
glass parts are of rather heavy German glass. The 
dimensions will accomm odate any extraction tube 
up to 5 inches in length and one inch» in diameter. 
A  perforated porcelain, or alum inum  plate is used to 
support tubes of small size.

The box F  (Fig. 1), enclosing the lower part of the 
extraction flask, is of sheet m etal about 4 inches high, 
the front, back and top being hinged so th at they can 
be dropped out of the w ay, leaving the bottom  of the 
box as. an open platform  when the flasks are being 
adjusted. The bottom  of this box has an opening, 
G, three inches wide and extending the entire length 
of the box, except for two inches at either end. Heat 
is supplied b y  steam  passing through a z/t inch lead 
pipe, H, which makes three circuits of the box, being 
separated from the bottom  b y  a layer of asbestos 
board. The valve controlling the flow of steam is 
not shown in the drawing. The x/< inch lead pipe 
carrying the exhaust steam enters the waste pipe 
through a Tee joint, J, and extends downward 4 or 
5 feet, com pletely condensing the exhaust steam.

The extraction flask when in position is su p p o rte d  

directly over the opening G b y  a strip of heavy sheet 

copper 3 X 7  inches in dimensions, the ends of which 
rest on the steam heating coil, the copper strip serving 
also to conduct heat to the flask. W hen the flask 
is being put into or taken out of position, the coppC;
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strip is withdrawn and the flask lowered through the 
opening G until clear of the condenser D.

The supply tank L (Fig. 1) for the test tube conden
sers consists of two sheet m etal tanks placed one inside 
the other, M (Fig. 2), and separated by an air. space. 
The bottoms of both tanks are provided w ith collared 
holes placed 31/, inches between centers, the collars 
for the inside tank N (Fig. 2) being i 1/, inches in di
ameter and extending downward, those for the outside 
tank being one inch in diam eter and extending upward 
into the tank thus overlapping as shown.

The test tube condensers are fitted into the collars 
of the inner tank w ith rubber stoppers, P  (Fig. 2), 
being wound with fat free paper or cotton to make 
a close joint with the outer tan k O and w ith the top 
of the extraction flask R  (Fig. r). The inner tank 
has a rim 3/t inch wide extending entirely around it; 
this rests on the top of the outer tan k and thus en

closes the air space between the 
two. The inner tan k is provided 
w ith a partition, V, running 
lengthwise about tw-o inches from 
the back wall of the tank, the 
top of the partition being an inch 
lower than the top of the tank. 
Collared holes are provided in the 
partition S (Fig. 2) two inches 
above and d irectly  opposite the 
holes in the bottom  of the tan k; 
into these are fitted b y  rubber 
stoppers, S and T  (Fig. 2), small 
glass tubes bent downward and e x 
tending nearly to the bottom  of 
the test tube condensers as shown 
in Fig. 1. W ater from the supply 
pipe enters the inner tank back 
of the partition and when its level 
has risen above the ends of the 
glass tubes, flows through them  
into the test tube condensers 
which overflow into the front 
cham ber of the inner tank. A ny 
excess of w ater will flow over the 

Flc- 3 partition.
The water supply pipe is narrowed to a '/< inch 

opening and provided w ith a hood as shown in Fig. 1; 
and the waste pipe U which is jointed to the inner 
tank by means of a rubber stopper is 3/t inch in di
ameter, thus eliminating the danger of flooding.

y closing the waste pipe and allowing the w ater to 
stand 3 or 4 inches deep in the tan k  practically  com- 
P ete condensation of ether is secured for an indefinite 
period v, ithout running w ater when the room tem pera
ture is not unusually high.

th^ap'  ̂ anc* complete extractions are secured with 
apparatus. F at determ inations are most con

veniently made by difference, though the flask has
0°the6ntrant surf&ces to prevent com plete transfer 

e extract to another container for direct weighing, 
av Ĉ  âu t̂s enum erated above have been
been V  aPP?-ratus. Joints of all kinds have

6 lnimated from the extraction apparatus proper.

No pipes for distributing w ater to the condensers 
and no troublesome rubber tubing connections are 
needed. Contam ination of sample or solvent b y  w ater 
has been made nearly impossible. The glassware 
costs less than one-fourth as much as most other 
forms of extraction glassware, and being simpler 
and stronger it  is less liable to breakage.

L a b o r a t o r y  o f  D e p a r t m e n t  o f  D a i r y i n g  

O h i o  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  

W o o s t e r

A D E V IC E  F O R  CO N TRO LLIN G  SM ALL E L E C T R IC  FU R N A C E S 1
B y  C h a r l e s  B u r t o n  T h w i n g

The plan described herewith for m aintaining any 
desired tem perature in a small electric furfiace was 
devised for use w ith a 10 kilow att carbon plate re
sistance furnace, for which direct current only was 
available.

I t  is usual to em ploy alternating current for such 
furnaces, reducing the voltage as the resistance of 
the furnace falls with the rising tem perature.

W here direct current is used, the control is usually 
effected b y  means of a rheostat, which, of course, 
wastes a considerable portion of the energy. The 
present plan dispenses w ith the use of a rheostat, 
b y  autom atically opening the circuit once a minute 
and closing it after an interval regulated at will.

T h e  c o n t r o l  i s  
effected b y  means of 
a small motor, which 
drives, b y  small gears, 
a cylindrical cam, C,
250 mm. (9.87") long 
and 50 mm. (1.97") in 
diam eter, the cylinder 
being cut aw ay on a 
taper from 3500 at 
one end to o °  at the E l e c t r i c  F u r n a c e  C o n t r o l

other. The paw l P  is carried on a screw, s, 
which can be turned b y  the handle H to set 
the p iw l quickly and accurately to an y desired 
position. W hen the paw'l is resting upon the 
cam, the control switch S is closed. This autom atic
ally  closes the clapper switch carrying the current; 
when the paw l drops, the control switch S ' is closed, 
opening the clapper switch and cutting off the supply of 
energy from the furnace.

It  is evident th at the fractional am ount of tim e during 
which the current is supplied to the furnace varies 
w ith the position of the paw l on the cam. W hile 
heating the furnace, the autom atic sw itch is a t rest; 
when the desired tem perature has been attained, the 
m otor which actuates the sw itch is started and the 
cam  set to the position wdiich has been found b y  trial 
to furnish the energy required to balance the losses 
b y  radiation. The paw l m ay be set w ith ease to within 
1 mm. (0.03937"), which is, of course, a finer adjust
m ent than is required.

The control of the furnace is further effected b y  
placing in series w ith  the carbon resistance an auxiliary 
resistance of 0.2 ohm of nichrome tape, which in-

1 P ap er presen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of A pplied 
Chem istry, New Y ork, Septem ber, 1912.
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creases to 0.3 ohm at the maximum temperature. 
The furnace is operated at 1300° C. (23720 F.), and 
since this is too high for the nichrome to withstand 
perm anently, the latter is placed in the base of the 
furnace, where the temperature does not exceed 
11000 C. (2012° F.). The increase of resistance of 
the nichrome with the rise of tem perature tends to 
offset, in some measure, the diminishing resistance 
of the carbons, and so to prevent any accidental 
overheating of the furnace in case of failure of the 
operator to look after the adjustm ent of the controlling 
device.

The chief advantage of this plan over the rheostat 
is in the saving of energy. All the energy consumed 
is delivered to the furnace, except the small amount 
(about 50 watts) required to run the motor, and the 
much smaller quantity required to actuate the switch.

P h i l a d e l p h i a , P a .

or removing the tube from the train of apparatus. 
The spent liquid is drawn off b y  means of the stop
cock after which the tube is recharged b y  removing 
the rubber stopper a t the top and running in the proper 
quantity  of fresh liquid from a pipette. It first 
moistens the pearls, then accum ulates in the lower 
compartment.

I -a k r  S h o r e  &  M i c h . S o u t h e r n  R y . C o .

C o l l i n  w o o d ,  O.

GAS B U B B L E  AND W ASHING T U B E  F O R  COM BUSTION 
APPA RA TU S

By H. E . S m ith  

Received October 21, 1912

For several years I have used in combustion ap
paratus and for similar purposes a certain form of 
gas bubble and washing tube which has proved so 
very  efficient and convenient that it m ay be of interest 
to other chemists.

The tube is shown in the accompanying sketch. 
ItTwill be seen that the entering gas bubbles through 
the liquid in one compartment, then is exposed to 
a large surface of glass pearls in another compartment.

aoL/o /zuna&t sroppc^

The especial feature of the tube is that the spent liquid 
m ay be drawn out and the tube refilled without 
breaking the connections with adjoining apparatus

A M O D IF IE D  EX TR A C T IO N  A PPA R A T U S
B y G. M. MacN idbr  

R eceived O ctober IS, 1912

W hile there are quite a num ber of extractors now 
on the m arket for determining fat in solid substances, 
w ith each form there is some feature which is not 
entirely satisfactory when a large am ount of routine 
work is to be done.

The Soxhlet and K norr forms are probably most 
generally used. The siphon principle of the Soxhlet 
apparatus has been found to be most satisfactory 
for general work, but the cork or ground glass joints 
of this apparatus cause considerable trouble in setting 
up the apparatus and are frequently the cause of the 
loss of large amounts of ether. The K norr form is 
superior to the Soxhlet in th at it requires about one- 
third the am ount of ether for an extraction and has 
only one joint, which is a m ercury seal, thereby pre
venting the loss of ether. B ut the percolation princi
ple of the K norr is unsatisfactory on account of the 
difficulty in preparing satisfactory asbestos filters. 
The modified form described below was designed to com
bine the desirable features of the Soxhlet and Knorr 
forms.

The apparatus consists of a small siphon extraction 
tube (Fig. I) which fits into the 
Knorr adapter in place of the 
percolation tube used in the 
regular Knorr apparatus. The 
extraction tube is 8 cm. long 
and 2 cm. in diameter. The 
siphon is sealed into the bottom  
and rises to within i cm. of 
the top of the extraction tube.
The details will be apparent 
from the cut. The sample to 
be extracted is contained in a 
S. & S. extraction thim ble 
which fits closely into the e x 
traction tube. In this labora
tory, extraction t h i m b l e s  
19 X 90 mm. are used and the 
thimbles trimmed down to a 
height of 80 mm. to make them 
flush with the top of the ex
tractor. The extraction tube 
is shown in place in Fig. II. I<IG' 1 lK"

A s will be seen from the above, the siphon principle 

of the Soxhlet apparatus has been combined with the 
desirable features of the K norr apparatus. As t',e 
extraction tube is small the extraction is done vet) 
rapidly so that the apparatus is well adapted to bo 1
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commercial work where the extractions must be done 
in a short time and to more accurate scientific work 
where the substance is extracted  for a longer time.

A set of twenty of these extractors has been in use 
in this laboratory for about six months and has proved 
entirely satisfactory with a variety  of substances.

F e e d  a n d  M i c r o c i i e m i c a l  L a b o r a t o r y  

N orth  C a r o l i n a  D e p a r t m e n t  o f  A g r i c u l t u r e  

R a l e i g h

I 5 I

below. The apparatus shown has two decks thor
oughly insulated and w ith a two-inch air space between 
decks as a safeguard to overheating, l h e  heating 
is furnished b y  16 c. p. incandescent bulbs and a spun

T

A R E F L U X  C O N D EN SER
l iy  S. W .  W i l e y  

Received O ctober 25, 1912

The piece of apparatus discussed in this paper was 
designed because of the small space occupied by it 
and the degree of efficiency obtained b y  its use in com 
parison with other types now on the market.

This condenser as shown has been used b y  W iley & 
Company’s laboratory and has given great satisfaction. 
We have found it indispensable for extraction with 
ether or other solvents or for an y purpose where a 
reflux condenser can be brought into use. 1 he cuts 
show clearly the construction of the various parts 
and, from a close inspection of the cuts, an 
adequate idea of the large condensing surface th at can 
be obtained in comparison w ith the size of the water 
jacket. The condensing tubes are of block-tin tubing 
and on entering the water jacket are connected to 
bell-shaped condensers of spun copper. On entering 
the bell which is composed of two sections, the un
condensed ether passes through perforations and is 
condensed on the upper surface of the bell, lh e  
condensing surface of this arrangem ent is over 120 
square inches in comparison to the straight tube 
usually used, two feet being the length th at is ordi
narily used with an internal diam eter of 3/ t inch 
which would have a condensing surface of about 
25 square inches. The w ater inlet is so arranged 
that the water bubbles up and surrounds every por
tion of the condenser, and b y  this scheme we have the 
condensing surface continually exposed to fresh, cold 
water thus insuring continual condensing of the 
solvent with a minimum loss.

To this condenser any form of extraction apparatus 
may be connected and in this laboratory a special 
form is used, which is simple in construction and at 
the same time efficient.

For heating the solvent we use the scheme shown

cup, insulated on the outside to prevent radiation, 
surrounds the bulb and forms a rest for the extraction 

bulb.
A n a l y t i c a l  L a b o r a t o r i e s  

W ile y  & Co.
B a l t i m o r e

ADDRESSES
TAR DISTILLATION IN T H E  U N IT E D  STA T E S— G E N E R A L  

DEVELOPMENT AND R E C E N T  P R O G R E S S 1
B y  R . P .  P e r r y  

INTRODUCTION

One feature of the general conservation movement which has 
attracted much attention in recent years is the estimated use and 
available supply of coal. For years our household and factory 
fircs teye been burning cheerfully— although in many cases 
rather smokily—and we have had an optimistic feeling that our

‘ Paper presented a t the  E ig h th  In te rn a tio n a l Congress of A pplied 
ennstry. New York, Septem ber. 1912.

coal mines were inexhaustible. Even now fuel is so plentiful 
and comparatively chcap in many parts of the country that a 
large portion of the public forgets that there may be a cold to
morrow. If we travel by night through the Connellsvillc section 
we sec the glare from thousands of beehive ovens light up the 
sky and throw picturesque shadows on the hills, but if we study 
the careful and interesting reports of the United States Geological 
Survey, we may well be amazed at the apparently reckless annual 
waste of millions of dollars worth of by-products— gas, ammonia 
and tar— from these ovens, when converting bituminous coal into 
coke for the great iron and steel industry. At the same time,
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those who are familiar with the conditions abroad wonder why 
they see there so many orderly piles of coal briquettes utilizing 
the coal dust or slack with a coal tar pitch tinder, while in certain 
regions here they see abandoned culm banks. The explanation 
is as indicated above— the past and present generation living for 
themselves on the easily obtained abundance of our mineral 
resources, and, if they stop to consider the future, assuming it 
will take care of itself. Some caustic criticism has been directed 
at American wastefulness, and it is by no means undeserved, but 
our foreign friends, who, having more slender coal supplies, raise 
their hands in righteous horror at our methods, should make due 
allowance and remember that in some directions the American 
traveler is equally amazed at the evidence he sees abroad of what 
appears to him a waste of human labor or of special materials. 
I can remember, for example, seeing in Germany some miles of 
solid fence along the railroad made of abandoned steel crossties, 
one end buried in the ground, set closely touching one another. 
Wre would hardly understand such fence construction from our 
experience and point of view. Similarly, the American manu
facturer, accustomed to labor-saving devices at home, is almost 
speechless when he sees the army of porters cumbrously trans
porting luggage from boat to dock and nice versa at the Euro
pean ports.

In each case there is sure to be some reason, although not 
always an adequate one, why conditions are as they are. Some 
little emphasis is laid on this point as it rises again and again in 
considering the development of the tar industry in the United 
States, as it inevitably must be considered in comparison with 
the development abroad, particularly in Germany. For example, 
the more scientifically interested traveler who has read of the 
wonderful coal tar dyes, colors, medicines, etc., and may have 
seen some of the very large factories in Germany, wonders why 
such products arc not made in the United States. If satisfied 
with the first tabloid answer available, he will recall what the 
popular scientific magazines have written about the German supe
riority in chemical lines, and assume that tells the whole story. 
The brilliant reputation of our good friends, the Germans, is 
certainly very well deserved, but numerous domestic and inter
national trade conditions have an equal or more important bear
ing on why the development of the industry has been along radi
cally different lines here and abroad.

Going back to the initial fact that many million barrels of tar 
literally go up in smoke from our beehive coke ovens, we find 
there was in the past a well-defined fear of undertaking by
product ovens for several reasons. In the first place, it took much 
time to overcome the incorrect feeling that for some intangible 
reason metallurgical coke was better when made in beehive 
ovens. Also it was feared there would not be a market for the 
tar product which would be sufficiently large and remunerative. 
Both of these fears have now been overcome, as the successful 
use of by-product coke has become a fact in the most progressive 
furnaces, and in general the tar industry has taken up the greatly 
increased production.

Successful working up of the tar commercially here depends 
upon finding a profitable use for its main constituent, pitch, as 
there has been a much greater demand for the oils and the prod
ucts derived from them than our domestic supply. The foreign 
use of pitch is mainly as a binder for coal dust or slack in making 
briquettes. There has recently been a very appreciable develop
ment of briquetting in certain sections here, but a curious argu
ment in a circle is still heard at times. On the one hand, some 
coke operators have said there was no market for additional tar 
because there was no briquette industry and at the same time 
briquetting interests have regretted there was no assurance of 
an adequate supply of pitch binder because the limited output 
of tar distillation went to make pitches for other purposes which 
would bear a higher price. Between the two stood the tar dis
tillers, read}- and anxious for additional business, but as usual

there were other economic conditions having a most important 
influence.

In many places bituminous lump coal is still so comparatively 
cheap and abundant that briquettes could not compete and the 
market for domestic briquettes from anthracite dust is also some
what limited. In some cases the geographical location of tar 
production and possible pitch consumption are so far apart that 
railroad freights are an insuperable barrier.

Another present and potentially very large use for tar prod
ucts is in making bituminous road binders, as covered in other 
papers. I will only mention in passing that although this de
velopment in the United States is extremely satisfactory, yet 
there arc very large supplies of petroleum products and residues 
designed for road work at low prices, whereas these conditions are 
reversed abroad, particularly in Germany. In fact, the great 
increase of road tar abroad has tended to divert much tar, leaving 
a shortage in the briquette pitch field.

As regards dyes, colors, medicines, special chemical products, 
etc., derived from coal tar, the conditions are peculiar. Most of 
these are derived from benzol, phenol, cresol, naphthalene and 
anthracene. Figured on the original tar these total only a rela
tively small percentage. Further, the finer products require 
numerous intermediate steps, involving more or less labor, as 
well as extensive chemical treatment with acids and alkalies. 
The pricc of labor abroad, including trained chemists, would 
probably average not more than about half that paid in the 
United States. The question as to what the smaller wages will 
purchase relatively in the way of rent, food, clothing, etc., is an 
interesting economic study, but docs not alter the fact that to 
the manufacturer the labor costs very much less and enables 
him to produce cheaper in this respect. In many cases, also, 
he has an advantage in cheaper chemicals, which play a very 
large part in .the cost of the finished products, running from 
about fifty per cent, upwards. Another most important feature 
is the patent situation. Many of the finer products derived 
from coal tar are covered by United States patents held directly 
or indirectly by a small group of German interests. Dr. Bernard 
Herstein has recently analyzed this situation in an interesting 
way.1 Perhaps one most essential point is that existing United 
States patent law (differing from that of most foreign countries) 
permits patenting of the product as such as well as any particular 
means of production, and further, there is no requirement that 
the product be made or the process used in the United States. 
In other words, the German group can and does control a large 
number of United States patents on these products, and having 
this protection it is under no necessity of employing American 
labor or capital in manufacturing here, but can ship to this 
country from Germany or elsewhere, subject only to tariff 
regulations. The injustice of a similar situation has recently 
been recognized by Great Britain which adopted a compulsory 
working act, with the result that many foreign firms promptly 
built factories in England. The matter is very important in 
connection with the features mentioned, producing lower 
manufacturing costs in Germany. It seems probable, however, 
that with due justice to inventors, a proper revision of the 
patent laws will be accomplished before long.

One further rational explanation of why these finer products 

have not been produced here is that generally there have been uses 

for the crude or semi-refined products here which netted consider
ably more than the fine products would have secured. Naturall) 

the tar industry has developed along the lines of least resistance, 
but already a beginning has been made here in the direction of 
the finer products, and many of these can be available as fas' 
as there is a  demand at prices permitting their manufacture under 

our conditions. Wherever mechanical handling and machinery 
plays an important part the United States probably has some 
advantage.

1 Address before Society of Chem ical In d u s try , New York, April 19. 
1912.
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SOURCES OF TAR, AND ESTIMATED QUANTITIES 

In the discussion so far, I have referred only to the supply of 
tar from by-product coke ovens, as this is much larger at present 
than gas works tar and growing much more rapidly. The earlier 
coke ovens were built near the mines and steel works in Pennsyl
vania, but they have followed the blast furnaccs as these have 
moved to the large distributing centers— it having been found 
better to haul the coal to such points instead of the coke. Such, 
for example, is the recent very l r̂ge development near Chicago, 
there being by-product ovens at Gary, Joliet, South Chicago and 
Milwaukee. More recently, under peculiarly favorable condi
tions of supply of raw materials for iron and steel manufacture, 
some large coke oven plants have been erected near Birmingham, 
Alabama. There are many others distributed throughout the 
eastern half of the United States, some of them located where 
they can supply illuminating gas to large cities, and others use 
their surplus gas in open hearth furnaces or other parts of the 
steel plant. As distinct from by-product ovens, the gas works 
are located always in the cities, the largest producers of gas works 
tar being in New York, Chicago, Philadelphia, etc. Most of 
these gas works produce both coal tar and water gas or oil tar. 
The differences of quality will be considered later. In some sec
tions of the United States the abundant and cheap supply of 
natural gas has temporarily, at least, made the operation of gas 
works financially impracticable.

It is somewhat difficult to get complete data of production of 
tar, especially of the gas works grade, but it seems probable that, 
including coke oven and both kinds of gas works tar, the 1912 
production in the United States may not be very far from
165.000.000 gallons, of which about two-thirds is coke oven tar. 
In comparison with this, it has been estimated1 that if the re
maining beehive ovens were converted to by-product ovens, 
there would be an annual increased production of perhaps
375.000.000 gallons. That the development in this direction 
has been recently very strong is indicated by the fact that 
within the year ending in September new by-product ovens 
have begun operations turning out approximately 35,000,000 
gallons of tar per annum.

QUALITY OF VARIOUS TARS

Depending upon the coal used, and more particularly upon 
the size and shape of retorts, the travel which the gases make 
over the hot surfaces, and the temperatures to which the gas is 
subjected, the coal tars vary within wide limits. In general with 
the vapors subjected to the higher temperatures usually char
acteristic of gas works as compared with coke works, there is 
&n increase in specific gravity and free carbon. For example, 
the tar from many gas works will average about 1.24 specific 
gravity at 15.5° C. (60o F.) and about 25-30 per ccnt. free 
carbon by weight, whereas from the by-product coke ovens the 
specific gravity would average more nearly 1.19 and the free 
carbon would vary about 5-18 per cent., the average being less 
than 10 per cent.

The so-called free carbon represents a finely divided inert ma
terial, largely carbon, which is the portion of tar insoluble in 
benzol and toluol. Perhaps a very small part is carried over 
mechanically in the coking process, but for the most part it is 
due to the cracking of the hydrocarbons by exposure to heat, and 
the higher percentage usually found in gas works tars is from 
this cause. AH gas works tar does not contain a high percentage 

írcc carbo», as I found that in one of the largest European gas 
"orks the free carbon in the tar was only about 10 per cent., 

e percentage having been reduced very much from former 
gures by increase in the charging of the retorts and some other 

operating changes. There has recently been some development 
the use of inclined and vertical gas retorts in the United

1' 'surcd from da ta  in c h ap te r on  "C oke.” b y  E . W . P arker, “ M ineral 
“rees of the United S tates, 1910."

States, some of which produce tars lower in free carbon than 
many coke ovens.

The free carbon test of the various tars is very important be
cause the percentage has a very considerable influence on the 
pitch product, and, moreover, it is an indication, to a certain 
extent, of the quality of oils and bitumens forming the balance 
of the tar. For many years there was very little coal tar pro
duced in this country, except from gas works operating at very 
high heats, and the tar was extremely viscous, of high specific 
gravity and often contain ng from 30—40 per ccnt. free carbon.
It was very difficult and expensive to distil such tar, because 
of the large percentage of water which is always contained and 
the tendency for excessive carbon to coke on the still bottoms 
and cause them to burn out. Because of this extreme, the lower 
carbon coke oven tars were welcomed as of relatively better 
quality, but to-day they are not necessarily more valuable as 
they yield pitches which are extremely subject to temperature 
influence— being very brittle when cold and easily flowing when 
heated— and therefore unsuitable for many pitch uses in the 
United States. The present vastly preponderating amount of 
very low carbon tars in many placcs is an extreme as unsatis
factory at times to the tar distiller as was the very high carbon 
gas tar. Much of the skill of the successful distiller is directed to a 
very careful study of the various tars he has to handle, the selec
tion of each for the purpose for which it is best adapted, and the 
judicious combining of various tars to produce physical and 
chemical properties not possessed by any one of them separately.

The oil tars or water gas tars being largely produced from the 
petroleum oils used in making and enriching gas represents en
tirely different physical and chemical characteristics, containing 
compounds of the define series as compared with coal tar con
taining compounds of the aromatic scries. In general they are 
much thinner and more oily than the coal tars, the specific 
gravity averaging about 1.07 at 150° C. (6o° F.) and the free 
carbon aSout 1 per cent. The pitches produced from these 
tars, as might be expected, show, to a much higher degree, the 
properties of brittleness and susceptibility to temperature 
changes, and the oils have not given the very great value for 
timber preservation which is characteristic of the coal tar oils. 
For these reasons the water gas tars have been much less valuable 
commercially than coal tars and a large amount has been used 
as fuel. It is to be hoped and expected that further study will 
find special fields for the use of water gas tar and its products.

There are some small amounts of various other tars made, 
such as producer gas tar, lignite, wrood tar, etc., but as yet these 
are not commercially significant, although some of them may 
develop considerably in the near future.

n u m b e r  a n d  l o c a t io n  o f  d i s t i l l in g  p l a n t s

There are probably not more than about 40 tar distilling plants 
in the United States, most of them being naturally located near 
the producing sources in the section east of the Mississippi and 
north of the Ohio rivers. The tars will average to weigh about 
91/:, pounds per gallon and the freights from the gas or coke 
works are often 25—40 per cent, of the value of the tar at the 
shipping point, and for this reason there are many small distilling 
plants designed to take care of the output from only one or two 
local sources. At the same time there are large distilling plants 
in such cities as New York, Chicago, Philadelphia, Boston, 
Cleveland, Pittsburgh, St. Louis, etc.

t r a n s p o r t a t io n  

Most of the tar in the United States is handled in steel tank 
cars of about 10,000 gallons (45 to 50 tons) capacity, such cars 
being largely owned by the distilling companies because of the 
need of specially designed equipment wrhich the railroad com
panies do not furnish. These tank cars are of the usual hori
zontal cylindrical type, about 7 to 8 ft. in diameter and 28 to 30 
ft. long, equipped with a dome on top and outlet valve in the
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bottom. As tar bccomes very thick when cold, it is necessary 
to have an effective system of steam pipes for heating when un
loading. The breakage of these coils— due largely to severe 
shocks in transportation— is a very troublesome and expensive 
experience. Where conditions permit, water transportation 
is used in harbor and sea-going barges from 25,000-300,000 
gallons capacity or more. These boats arc divided like oil 
boats into various compartments and equipped with steam 
coil systems and powerful pumps. In some cases the tar is 
handled through pipe lines from the producing plant to the 
distilling works, but long pipe lines, such as are used in handling 
petroleum oils, cannot be used with coal tar on account of the 
much higher viscosity of tar, especially when cold.

RECEIPT AT DISTILLING PLANTS

From the tank cars or boats, the tar is pumped (after being 
heated so as to render it more fluid) into storage tanks of varying 
sizes, generally from 250,000 to 2,000,000 gallons capacity. The 
large tar plants require many of these tanks so as to keep the 
various grades of tar separate, there being often four or five main 
grades and other special ones from time to time. These storage 
tanks arc generally of steel bottom and sides, the roofs and roof 
supports being of wooden construction as steel roofs are subject 
to rapid corrosion. The wooden roofs arc covered with built-up 
roofing of felt, pitch and slag or gravel. These tanks sometimes 
have steam coils covering the entire bottom, but more often only 
a small section around the outlet suction to permit warming the 
tar as rapidly as required to supply the pump. The tanks have 
small outlet cocks on the side distributed from the top to the 
bottom, so as to permit drawing off as far as practicable any 
water which was separated from the tar.

u s e s  o f  c r u d e ' t a r

Just as there existed a preference in favor of beehive coke, so 
for many years crude tar as received from the gas or coke works 
was preferred for some purposes, but a rational study has shown 
that the water and ammoniacal liquor contained in the tar are 
detrimental and only a small amount of tar is now being used in 
the crude state, except in such cases as the tar is used for fuel.

DEHYDRATION

It has long been recognized that one of the most troublesome 
and expensive steps in tar distillation is the removal of the water 
which is intimately mixed with the tar as received from the gas 
or coke works. The gas works tar is more troublesome because 
it contains a higher percentage of water, and at the same time 
the water is more difficult to remove because the tar is of greater 
viscosity and contains more free carbon. Many of the coke oven 
tars will average between 3 per cent, and 6 per cent, water, and 
the gas works tars between 4 per cent, and 10 per ccnt. water, 
although both kinds sometimes contain very much more, up 
to 40 per cent.

Two main facts to bear in mind explaining why the presence 
of water is so troublesome are: First, water at ioo° C. (2120 F.) 
when changing into steam increases in volume 1646 times, or 
in other words, a cubic inch of water becomes nearly a cubic foot 
of steam.

Second, water has the highest known specific heat. Dry tar 
has a specific heat of about 0.3 to 0.4, depending on the tempera
ture and specific gravity. It will be noted, therefore, that it 
requires about three times as much heat to raise one pound of 
water 10 as it does one pound of dry tar.

Many methods have been used to dehydrate tar, perhaps the 
oldest one being that of allowing it to settle in storage tanks 
and depending on its lighter specific gravity to cause the water 
to rise to the surface. This process is aided by heating, intermit
tent heating with periods of settling being better than continuous 
heating. Steaming in large storage tanks is, however, very ex
pensive on account of the great loss by radiation, and at best 
separates out only a portion of the water, particularly with gas

works tar. Other methods have been tried, such as centrifugal 
machines, squeezing the tar between heated rolls or in tanks 
under pressure, etc., but have not been commercially successful. 
The plan most in favor is that of heating the tar continuously 
in thin films under partial vacuum. This method ordinarily 
reduces the water to less than one-half of 1 per ccnt. Special 
dehydrator apparatus is in use at some of the large works having 
a capacity of about 50,000 gallons in twenty-four hours.

STILLS

After the tar has been dehydrated it is pumped to intermediate 
insulated storage tanks and thence as required to the stills for 
making the numerous grades of prepared or refined tars, soft, 
medium or hard pitchcs. Contrary to the German and English 
practice of using vertical stills with concave or convex bottoms, 
the still development in the United States has been mainly 
along the lines of horizontal cylinders. Quite a number of ver
tical stills have been used for particular conditions and have 
certain valuable characteristics. Many of the German stills 
up to recently held from 20 to 30 tons of tar, but the usual stills 
in the United States hold twice as much or more. One fact 
which is said to be largely responsible for the smaller unit abroad 
has been their desire to avoid night operation, whereas it is quite 
common with us. It seems quite probable to me that before very 
long we shall have in our large works in the United States three 
eight-hour shifts, with continuous running of the stills day and 
night, certain other portions of the works, however, operating 
only in the daytime.

Different types of brick still settings have been used with the 
general purpose of avoiding overheating and burning out the 
still bottoms and at the same time getting the maximum heat 
efficiency from the coal, liquid or gas fuel. Depending upon the 
local conditions and the quality of the oils and pitch desired, 
the stills are run with mechanical, steam or air agitation, or 
vacuum in addition to the usual heating. The temperature 
reached in the liquid in the still depends on the grade of pitch 
desired, the higher temperatures causing more oil to be distilled 
off and leaving a harder pitch, but the highest temperature docs 
not usually exceed 400° C. (7520 F.). The operation of these 
stills is intermittent, consisting of charging, distilling off the de
sired amount of oil, removing the residue by gravity, blowing or 
pumping, and repeating. Continuous stills have certain theo
retical advantages, but have not been adopted in practice in the 
United States. Successful continuous distillation requires a 
uniform grade of tar and a demand for a very large amount of one 
grade of pitch for uses which permit quite a little latitude in 
range of melting point. Several continuous processes have been 
tried abroad, but have not met with general success; althougn I 
know of one very large plant where one continuous process is 
reported to have been operated with good satisfaction over sev
eral years at low cost. In many cases there has been too much 
fluctuation in the test of the pitch and oil product, but I feel sure 
the continuous process will come under conditions likely to de
velop in the future in this country.

OILS, CONDENSATION, USES, ETC.

The vapors escape from the stil 
to the condenser coils. All of the 
of the coils should be made of flar 
asbestos gaskets. In any case, it is necessary to use cast iron 
pipe as far as one or two turns below the water in the condcnser 

tank, for the reason that certain of the vapors, particularly sonic 
of the ammonia compounds in the vapor form, attack w rough t 

iron or steel very strongly, but have comparatively little actios 
in the condensed liquid form. This is one reason why the tops 
of the stills sometimes eat through before the bottom. 
of the tars at present contain much less ammonia com poun '  

than heretofore, as the ammonia is for obvious reasons reeo'Cf 
at the gas works or coke works.

1 through a large vapor pipe 
vapor pipe and preferably sU 
ged cast iron pipe using thin
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The condenser tanks arc usually square or oblong, with similarly 
shaped coils, the pipes ranging from six inches down to three 
inchcs. The length of the coil depends 011 the size of the still, 
the temperature of the available water, etc. The condensed oils 
are collected and measured in small steel tanks of about 100 to 
400 gallons capacity, depending on the size of the stills and other 
conditions. These small tanks are provided with sight glasses 
and empty by gravity into a manifold pipe system leading to 
various large receiving tanks. From three to five fractions arc 
usually collected, such as light oil, carbolic oil, middle oil, heavy 
oil and anthracene oil. The percentage of each fraction varies 
with the tars used and the commercial requirement for the oils, and 
no exact figures can be given. The total per cent, of oil secured 
in making pitch is generally from 20-50 per cent, by weight. 
From the receiving tanks the oils are pumped to large storage 
tanks for shipping or further refining.

The light oil, that having a specific gravity lighter than 
water, is separated from the water and then used as crude solvent 
in paints or for cleaning greasy gears, etc., or it is refined to 
benzol, toluol, solvent, naphtha, etc.

The carbolic fraction is usually collected so as to give the maxi
mum yield of tar acids consistent with getting at the same time 
as liquid an oil as practicable. The carbolic oils, crude or redis
tilled, are cooled by natural or artificial refrigeration to remove 
excessive naphthalene and sold as crude carbolic acid for disin
fectant manufacture. Inasmuch as from most tars the carbolic 
oils seldom contain more than 10-15 Pcr cent, tar acids, and 
the usual standard required is 20-25 Pcr cent., it is necessary to 
add extra acid as required. This is obtained by extracting the 
acids from other carbolic oils, or the middle and heavy oil frac
tion. The extraction process is a simple one of treating the oil 
under suitable temperature conditions with caustic soda solution, 
separating the sodium carbolate and throwing the acids out 
with sulfuric acid or more commonly with carbonic acid gas. 
The extracted acid is then redistilled and separated into carbolic 
acid and cresylic acid. The former is the basis for the purified 
crystal acid.

The demand for disinfectants is increasing with the campaign 
to reduce infectious growth and many excellent grades have 
been made for years, but at the same time many grades have 
been made unskillfully and are of no real value beyond the 
psychological one of having a good healthy odor. Just as a 
standard of purity or strength is required for foods, drugs, etc., 
it is reasonable to have a standard of efficiency for disinfectants, 
and the standard most widely recognized is the Rideal-Walker 
method of comparing with pure phenol under special conditions.

The large use for the middle, creosote and anthracene oils 
ls ôr "°od preserving, and they are fractioncd so as to meet 
the various specifications of the wood preservers. This industry 
's a vcO' large one and growing rapidly, as the conservationists 

P0'nted out to large users of timber the definite fact that 
t e local supply is gone and the more distant forests arc being 
rapidly depleted. The railroads were among the first to appro
bate the situation. Many of the large systems have had timber- 
preserving plants for years and now very few arc without one or 
™ore of such plants. Other papers cover this creosoting in- 

ustrv, but in this connection it is of interest to note that the 
supply of creosote oil in the United States is much less than the 
emand, and the importations largely from England and Ger

man) during the year 1911 were about 45,000,000 gallons.1
is quantity represents, perhaps, about two-thirds of the total 

in'th'111̂ *01' Recently there has been a very large increase 
idcâ  ^  crcosot:ĉ  'v°od blocks for paving as they make an 

pa\emcnt under many conditions, particularly where a 
Mso ® desired in the business sections of large cities,
grad - ^  k 3n incrcasinS demand for the higher distilling 

es of creosote oil suitable for surface treatment of wood 
House of Representatives R eport No. 326, p. 65.

(preferably by the hot and cold tank method), and high-grade 
domestic oils are now produced in large amounts.

Another use of creosote oils is for shingle stains, either plain 
or with colors. The use of certain fractions for Diesel and 
similar internal combustion engines in Germany has not de
veloped here as yet bccause there arc other more remunerative 
uses and in this spécial field there arc various chcap petroleum 
products.

REFINED TARS AND PITCHES

Depending upon the amount of oil distilled off, we have as the 
residue in the stills either thick viscous tar or soft, medium or 
hard pitch. Sometimes the point, for stopping distillation is 
determined by the still temperature or by the amount and test 
of the oil distillate, but such is possible only with a uniform grade 
of tar, and more generally samples arc drawn from the still itself 
and tested, the distillation being continued until the desired grade 
is secured. The usual test is for melting point, which is de
termined by various arbitrary' tests, as there is no such thing as a 
true melting point of a pitch. A general classification according 
to the half inch cube melting point would be as follows:

Distilled tars having a melting point less than 320 C. (90° F.).
Soft pitch having a melting point from 320 C. (90° F.) to 

490 C. (1200 F.).
Medium pitch having a jnelting point from 490 C. (120° F.) 

to 710 C. (1600 F.).
Hard pitch having a melting point from 71 °C . (1600 F.) 

to 990 C. (210° F.).
Very hard pitch having a melting point from 990 C. (210° F.) 

upwards.
When the right grade has been secured the distillation is 

stopped and the still emptied either by blowing the contents 
direct from it by mpans of dry steam, or by drawing the con
tents by gravity to a special tank from which it is blown as be
fore to storage tanks or coolers. From these the refined tar or 
pitch is later loaded into tank cars or tank wagons, or run into 
barrels, iron moulds or pitch bays, depending upon conditions.

Various grades of refined or prepared tars arc made fof road 
binders, for mixing tar concrete used under wooden floors in 
factories, for painting felt roofs and for saturating dry- felt in 
making the various kinds of roofing paper. The grades are 
usually determined by specific gravity, distillation, free carbon 
viscosity, penetration, evaporation, etc.

The sôft pitches arc used for road binders, and alone or in 
combination with tarred felts for waterproofing the foundations 
of buildings, etc. In addition to the tests above, the so-called 
melting point is noted.

The medium pitches are very largely used for constructing 
“ tar and gravel”— more properly “ pitch and felt” roofs used 
on nearly all large factories having comparatively flat roofs. 
The construction consists of applying alternate layers of tarred 
felt and coal tar pitch, the laps or joints being broken and the 
top layer of pitch having embedded in it clean gravel or crushed 
slag. The standard construction to-day calls for at least five 
layers of felt besides the usual layers of pitch and gravel or slag. 
Other large and growing uses are that of paving pitch for filling 
the joints of brick, stone and granite pavements, and for water
proofing bridges, etc. These grades of pitch arc usually shipped 
in barrels. . 1

The hard pitches arc most largely used for briquetting coal 
dust or slack. This promises to bccome a very large industry 
in the United States later on when lump coal is more expensive, 
and has already become well established in certain sections where 
briquettes arc made from anthracite dust for domestic use.

The very hard pilches are used for electric carbons and bat
teries, for insulating, for making “ clay pigeons” or "flying black
birds” used for target shooting, for making core compound used 
in foundries. These pitches are so hard that they can be ground 
to powder. The hard pitches arc run hot either into iron moulds
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or into pitch bays or pits and there allowed to cool. The iron 
molds can be emptied when cold and the pitch can be dug or 
mined from the bays and is handled to cars for shipment. Most 
of these hard grades are shipped in bulk so as to save packages 
and the freight on same.

ROOFING PAPER

One important branch of the tar industry is the manufacture 
of roofing felts, largely a mechanical process and therefore one 
in which we are further advanced here than abroad. The 
felt forming the basis of these roofings is made from mixed old 
woolen and cotton rags, largely cotton, along the lines similar 
to other paper manufacture. Various widths are used, generally 
thirty-two inches or thirty-six inches, and the paper varies in 
thickness from the No. 15 to the No. 80 of the paper-maker’s 
scale, weighing from 3.1 to 16.7 pounds per one hundred square 
ft., single thickness. This felt is made in large rolls weighing 
about 400 to 600 pounds.

The simplest form of manufacture is the saturation of such 
felt by passing the sheet continuously through a bath of refined 
tar, then through revolving squeeze rolls, which remove the sur
plus tar, and the tarred felt is wound into measured rolls often 
containing 400 to 500 square ft. This kind of tarred felt is 
largely used in the "felt and pitch” roofs and also for water
proofing and sheathing purposes.

The so-called prepared or ready-to-lay roofings are of many 
different kinds, one standard form consisting of two or three 
layers of tarred felt cemented together with pitch and having a 
plain surface or one covered with pitch or composition into which, 
while hot, is embedded crushed feldspar or small pebbles.

REFINED PRODUCTS

The refined products, as noted above, are largely of the general 
benzol, naphthalene, anthracene group. Much more crude 
benzol is now obtained by washing coke oven gas'in oil scrub
bers than is obtained from coal tar distillation. This gas oil or 
the light oil from distillation is redistilled, treated with sulfuric 
acid, washed, treated with soda and then distilled with steam. 
Fractions are collected distilling within certain limits, such as 
pure benzol, go per cent, benzol, toluol, xylol, etc. These are 
very largely used in this country as solvents, especially in paint 
and varnish lines, for making varnish remover and as a basis 
for nitrobcnzol, aniline, etc.

Crude naphthalene is purified by crystallizing, passing through 
centrifugals to remove the oily portions, distilling, treating with 
sulfuric acid and crystallizing or subliming.

Large amounts arc used for moth balls. Specially purified 
naphthalene is the raw material for making many coal tar colors, 
this line being hardly touched in the United States, for reasons 
noted above. Recently some new wax products'have been in
troduced having peculiar dielectric properties, and promise to 
develop an important field. These arc made from naphthalene 
by a chlorination process.

Anthracene as the basis for alizarine was of great importance 
at one time, but is not largely purified at present because of the 
low market price.

Although brilliantjchemists have been studying tar products 
for years, yet the number of constituents and the innumerable 
combinations which can be produced by treating them with 
other compounds leaves plenty of opportunity for the future. 
The recent opening up of various pressure, electrolytic and cat
alytic processes will probably give us more astonishing products 
from tar than any yet secured, each success stimulating the world 
of scientists to further efforts. That the United States will 
ultimately take a prominent position in the industry is to be 
expected from the future great supply of tar in this country, 
and the energy of her students who admire the success of the 
German, English, French and Swiss chemists and are determined,

if possible, to go one or more steps further. Fortunately there 
is ample room for all in this fascinating line of work.

N e w  Y o r k  C it y

D ISPO SA L O F SEW A G E  W IT H  R E C O V E R Y  O F ELEMENTS 
O F PLA N T FO O D  F O R  U SE IN  A G R IC U L T U R E

B y W i l l i a m  M c M u r t r i e

R eceived O ctober 9, 1912 

The hygienic disposal of the excremental dejecta of the human 
population of cities has long been a difficult and troublesome 
problem, and the best minds of the engineering, chemical and 
biological professions have been taxed in its solution. It is 
the purpose of this paper to treat the subject from the chemical 
standpoint and to call attention to means whereby the organic 
and other constituents of excremental dejecta of value for plant 
food may be, in some measure at least, removed from sewage 
and recovered for use in agriculture.

The desirability of some method whereby this may be satis
factorily and economically accomplished has long been 
acknowledged and much work has been done with this end in 
view, but thus far the results have not been altogether en
couraging. The importance of recovering the elements of plant 
food from this source has been recognized by many of the great 
economists of the world and much thought, effort and means 
have been devoted to it. In his memorable address to the 
Bristol meeting of the British Association for the Advancement 
of Science in 1898 Professor William Crookes said: "There is 
still another and valuable source of fixed nitrogen. I mean the 
treasure locked up in the .sewage and drainage of our towns. 
Individually the amount lost is trifling, but multiply it by the 
number of inhabitants and we have the startling fact that in the 
United Kingdom we are content to hurry down our drains and 
water courses and into the sea, fixed nitrogen to the value oí 
no less than 16,000 pounds sterling per annum. This un
speakable waste continues and no effective and universal method 
is yet contrived for converting sew'age into corn. Of this 
barbaric waste of manurial constituents Liebig, nearly half a 
century ago, wrote in these prophetic words: ‘ Nothing will more 
certainly consummate the ruin of England than a scarcity of 
fertilizer; it means a scarcity of food. It is impossible that 
such a sinful violation of the laws of nature should forever 
remain unpunished; and the time will probably come for Eng
land sooner than for any other country, when, with all her 
wealth in gold, iron and coal, she will be unable to buy one- 
thousandth part of the food which she has, during hundreds 
of years, thrown recklessly away.’ ”

What Professor Crookes has so ably said regarding Great 
Britain is equally true of the other countries of the world. It 
would be an interesting study to work out the relation between 
the fall of the Roman Empire, and the sterilization by continued 

and consecutive cropping of the wheat fields of the great Cam- 
pagna and other parts of Italy, the impoverishment of Greece, 
Turkey and Syria and the wasteful and unintelligent use of the 
great sources of their supplies of food and clothing, and at the 
same time to work out the relation of the prosperity of the 
modern nations to the intelligent management of their agn- 
cultural resources. While the people of the United States arc 
earnestly considering, as a nation, the conservation of natural 

resources it would seem equally important to give no less at
tention to the conservation and utilization of the wastes, not 
only of the cities but also of the farms and forests. It would 

be a study of fascinating interest and well worthy of the thought 
and effort of our statesmen and economists. R e fe re n c e  I'-15 
frequently been made in the economic literature to the practicc 

in China of gathering scrupulously all human excreta for use 
on the farms, and the consequent maintenance of the fertility 
of the soil for centuries. It behooves us of the professedl) 

more civilized nations, to take some lessons from our neighb°rs
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across the Pacific and utilize our wastes as they have theirs.
While it is possible that the estimate of Professor Crookes is 

fairly generous it is quite likely that in his estimate, he applied 
the available data regarding human cxcreta— including both 
feces and urine— to the entire population of the United King
dom and not simply to the urban population connectcd with 
sewage systems. It must be borne in mind that the sewages of 
England and of the European continent are considerably more 
concentrated than arc those of the United States. In con
sidering the waste carried off in sewage the data should be ap
plied to urban population alone. If the cxcreta of the rural 
population are wasted it is the fault of the producers. Estimates 
similar to that offered by Professor Crookes made for the United 
States and based upon data from various sourccs are not as 
striking as those given by the eminent English scientist but 
they are both impressive and interesting. According to the 
last census the urban population of the United States in 1910 
was 42,623,383, and at the present time must be approximately
44,000,000. To arrive at a reliable conclusion regarding the 
manurial value of the excreta of this great population, as great 
as that of the whole of either England or Germany, is not easy 
because of the lack of reliable determination and records of the 
amounts of excreta produced and the composition of the product.

Perhaps no authority has given closer attention to the dis
posal of sewage than Ferdinand Fischer, the eminent German 
technologist of Gottingen. According to this authority the 
weights of feces and urine and the contained nitrogen and phos
phates from one thousand persons amount annually to

Feces Urine
Q u an tity  Q u an tity

K ilogram s K ilogram s
Total weight.........................  33,166 428,190
Contained nitrogen..............  489 3,482
Contained phosphate  687 1,725

If we accept these figures as representative of the quantity 
and composition of the fecal excreta of the urban population 
of the United States the results are interesting. For we may
consider that the citizens of the United States are at least as
well fed as those of Germany and the quantity of excreta pro
duced should, therefore, be no lower. On this basis we must 
conclude that the 44,000,000 urban population of the country 
produces annually dry fecal matter containing over forty-seven 
million pounds of nitrogen which at 15 cents per pound rep
resents a value of over seven million dollars. This, of course, 
takes no account of the phosphoric acid which should also be 
rcco\ered in the process we are about to suggest. If we add 
to the above figures those for phosphoric acid in feces and 
unne, which would also be recovered by the proccss in question, 
"c 'Iavc an additional total per annum of S8,800,000. This 
makes a grand total value of almost sixteen million dollars for 

e plant food annually recoverable from the urban sewage 
0 'he United States. According to another eminent German 

the °r'ty’ ^c'̂ cn’ clllotcd by Storrs in his work on agriculture, 
e mtro£on voided in human feces amounts per annum to 1.7 

Pounds per capita, and the phosphoric acid voided in both feces 
an urine amounts to 2.6 pounds per capita. On this basis the 
Sures named would be even higher.

ct the figures we have given, based upon data from different 
urces, are reasonably correct and may, we think, be accepted 

car ^  rePrescntative of what may be expected from the 
State ant* klteUigCnt treatment °I the sewage of the United 
rea **' v*ew t'lc importance of the conservation of our

ôurces it would seem eminently desirable that means should 
opted for the conservation of this source of wealth other- 

"isc destroyed and lost.

suspcnd°mC t'1Cn l°  metk°^ proposed for the removal of the 
a • matter of urban sewage and its recovery for use in 
from hUrC .Man>r ™ethods have been proposed and applied, 

road irrigation and plain sedimentation, to the various

methods of chcmical precipitation. Much prejudice has been 
expressed against chemical precipitation bccause of inefficiency 
of clarification, the interference of excess of précipitants with the 
septic purification of the effluent, and the slight value of the 
sludge for use in agriculture. All this indicates that care must 
be cxcrciscd in the application of any precipitant. Aluminum 
sulfate so largely used, when used alone is effective only in very 
hard waters whose hardness is due to the presence of carbonates, 
yet it has been frequently used in sewages resulting from the 
consumption of waters practically free from hardness. Ferrous 
sulfate has been extensively employed in conjunction with lime, 
the ferrous hydroxide formed serving as the coagulant to pre
cipitate the suspended matter, but it frequently happens that 
in order to preliminarily dry the sludge by removal of liquid 
water in the filter press, excess of lime is used to the extent that 
a large portion, at least, of the nitrogen is expelled in the form of 
ammonia, the agricultural value of the sludge is consequently 
reduced, and the operation of clarification made very offensive.

The precipitant here recommended is acid calcium phosphate 
(CaHtP2Os), commercially known as superphosphate of lime, 
in conjunction with lime. The acid calcium phosphate (pro
duced by the action of sulfuric acid 011 tri-calcium phosphate) 
which may be used as such or in admixture with free phosphoric 
acid is added to the sewage and thoroughly mixed with it. 
When the admixture is complete and the solution is homo
geneous, lime in the form of milk of lime, Ca(OH),, is slowly- 
added, with simultaneous vigorous agitation of the liquid, in 
quantity sufficient to meet the demands of the reaction indi
cated in the following equations:

CaH)P2Os -f Ca(OH)2 = Ca2H,P2Os +  2H20 

and in order that the carbonic acid may be removed at the same 
time and so have no interfering action on the formation of di
calcium phosphate, enough lime must likewise be added to com
bine with the carbon dioxide in the liquid. Thus:

C0 2 + Ca(OH)3 -  CaC0 3 + H,0

that is, soluble acid calcium phosphate is converted into di
calcium phosphate which, at first, is flocculent and encloses all 
suspended particles; and subsequently becoming crystalline, 
particularly in consequence of violent agitation of the liquid, 
remains attached to the solid particles and rapidly carries them 
down in sedimentation. After precipitation has been com
pleted the sewage is allowed to flow' into sedimentation cisterns 
or is transferred to Dortmund tanks. If the Dortmund tank 
with conical bottom is used it should be so proportioned that 
the upward flow will not exceed 0.02 inch per second. The 
sludge which settles into the cone may be drawn off from the 
bottom to the filter press or centrifugal and when partially 
dried by this means it is sent to cylindrical direct-heat rotary 
driers, where it is dried to the commercially allowable 10 per 
cent, of moisture.

But the calcium phosphate docs more than carry out the solid 
suspended matters. It combines by adsorption with the ap
parently soluble colloidal matter and carries it down as well, 
wholly or in part, and hence carries down a very large portion 
of the bacteria, making a clear colorless nearly-bacteria-free 
effluent. The effluent is in excellent condition for further 
treatment by sand filtration, intermittent filtration or any 
of the biological means which have been suggested for the treat
ment of sewage, raw or settled. The removal of the colloidal 
matters in addition to the suspended matter so purifies the 
sewage that generally it may be discharged into any considerable 
body of water or stream of reasonable volume without dele
terious result.

The Dortmund tank offers the advantage that it may be in
stalled upon a smaller area than that consumed by the tanks 
or cisterns of the septic system, a very important consideration 
when it is desired to establish a purification or disposal plant
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within the confincs of a municipality. With the Dortmund 
tank, or the Machlachlan tank, which is very similar, the treat
ment of a large body of sewage may be effected in a compara
tively small spacc.

The use of phosphate has this advantage over aluminum or 
iron salts: that the precipitate of the former does not remain 
flocculcnt but becomes crystalline and that sedimentation is 
thereby promoted and is more prompt and rapid. In addi
tion to this the-phosphate precipitate has an agricultural value 
as plant food which, of course, the aluminum and iron pre
cipitates do not have. Furthermore, the use of an excess of the 
precipitant, while unwise, can have no deleterious influence 
upon the agricultural value of the sludge and in ease excess 
is accidentally used the phosphate will be recovered in the sludge 
and no ultimate loss occasioncd. Yet the quantity of phos
phate used should be such that the precipitated phosphate 
should have nearly the same weight as the suspended solids. 
This is essential to the best results in precipitation and in drain
ing the sludge.

The settled sludge obtained varies in its properties in accord
ance with the quantity of. phosphate used in producing it, and 
the mode of application of lime to the sewage as well as the com
pleteness with which carbonic acid has been simultaneously 
prccipitatcd. If the lime be added too rapidly there will be 
tendency to production of tri-calcium phosphate which will 
remain permanently flocculcnt and so interfere with filtration. 
Furthermore, it is not so readily soluble in the soil and has a 
somewhat lower agricultural value than the di-calciuin phos
phate. In the absence of carbonic acid di-calcium phosphate 
is insoluble in water and all the phosphate used, if care is cx- 
crcised, may be completely recovered and in form practically 
as valuable for plant food as the acid calcium phosphate orig
inally employed. In addition to the nitrogen of the suspended 
matter the phosphate contained therein as well as much of the 
phosphate contributed to the sewage by urine is secured. It has 
been found that one million gallons of sewage will return at 
least half a ton of dry sludge and in some cases more than this. 
The sludge contains about 1.5 per cent, of nitrogen and depend
ing upon the amount of phosphate* used in the precipitation, 
over twenty per cent, of phosphoric acid. The value of the 
sludge independent of the amount of phosphate employed will 
be from four to five dollars per ton on account of the nitrogen 
recovered, and while the material recovered cannot be expected 
to cover the cost of recovery or treatment of the crude sewage 
it contributes materially toward the net cost of disposal. Thus 
if the cost of disposal, by the septic or biologic process, amounts 
to five dollars per million gallons which will probably not be 
considered too high an estimate, the cost of precipitation with 
the phosphate will not greatly exceed this and the returns from 
nitrogen recovered will very nearly balance the account. We 
not only provide here a means for purifying the sewage to the 
extent that it may be discharged without further treatment 
into most of the water courses without offense, but the material 
recovered partly covers the expense of treatment. Besides 
this we have provided for the conservation of the very important 
urban waste for use in agriculture.

The process may be equally well applied to the treatment 
of turbid and colored water supplies. Suspended matter is 
completely removed, and the coloring matters, particularly 
when plenty, arc coagulated and precipitated furnishingan effluent 
clear, colorless, and with bacterial contcnt very materially re
duced, generally to an extent entirely allowable in good potable 
water. In addition if the precipitation be affected by sodium 
carbonate followed by lime the hardening constituents will 
be simultaneously removed and the water consequently softened.

The process has not yet found extended application but 
enough has been done with it to prove its availability for the 
succcssful treatment of municipal sewage, and the recovery

by means of it of the suspended organic and much of the soluble 
phosphates present therein.

It is important that the process shall be operated in careful 
and skilled hands. If carbonic acid is not removed, di-calcium 
phosphate is not as well precipitated and a considerable loss 
may be occasioncd. If the lime is added too suddenly and in 
too large quantity at a time the tendency to the formation of 
tri-calcium phosphate will interfere with prompt and rapid 
sedimentation and will increase the cost of recovery as well 
as reduce the value of the sludge.

If too much lime is used, more than is necessary to precipitate 
the phosphoric acid added and the urine phosphoric acid pres
ent, as di-calcium phosphate and carbonic acid as calcium 
carbonate, making a neutral effluent and sludge, there will 
be liberation of ammonia with consequent loss of nitrogen and 
production of offensive odors. If violent agitation is not pro
vided when the lime is being slowly added, crystallization is 
not so prompt and sedimentation not so rapid.

The sludge, if sufficient phosphate has been used in the pre
cipitation, and proper agitation of the sewage has been applied 
during precipitation, should be capablc of being draihed of 
mechanical or liquid water in a filter press or even upon a gravity 
filter, and then the character of the sludge is such that it is too 
viscous and colloidal to admit of succcssful treatment in the 
filter press or 011 the gravity filter, then it may be treated in one 
of the several centrifugal machines designed for the purpose.

The sludge dried by means of the filter press or the centrif
ugal may be further dried at very small cost in any one of the 
direct-hcat cylindrical rotary driers, and bagged for storage, 
transportation and use.

The process is well worthy of the considerate attention of 
engineers charged with the disposition of the municipal sewages. 
It would seem a public duty to use every means to conserve 
the municipal waste caused by the method ordinarily employed 
for the treatment of sewage. Among the advantages of the 
process may be named:

1. The precipitation of the suspended matter is complete, f
2. The effluent is clear, colorless, and has comparatively low 

bacterial contcnt.
3. The effluent may be discharged into water courses without 

further treatment and without serious detriment, particularly 
if treated with calcium hypochlorite or other disinfecting agent.

4. The organic suspended matter and much if not all of the 
colloidal matter in the sewage arc recovered in condition suitable 
for use in agriculture.

5 .  The phospliatc employed is recovered in form a v a ila b le  
directly as plant food, and therefore of as high value as that 
originally employed. The cost of the phosphate beyond a 
small mechanical loss in handling and interest upon funds in
vested in the product may be disregarded.

6. It is probable that much of the phosphoric acid furnished 
to the sewage by urine will be recovered in the sludge.

7. The net cost of the disposal of sewage will be material!) 
reduccd.

8. In this proccss, sedimentation is more rapid than in ordi
nary- sedimentation processes and may be effected in the Dor1' 
mund or Machlachlan tank.

9. The space required for the plant and the expense of con
structing the plant are considerably less than like items for̂  
septic or biologic plants which are so extensively used. T'1C 
plant may, therefore, be installed within city limits, where, 
bccausc of the space required, the other processes named would 

be wholly impracticable.
The disadvantages of the proccss, if there are any, will quickly 

be discovered. Among these may be mentioned:
1. The difficulty of separating the mechanical or liquid water 

from the sludge. If the lime has been added too rapidly or 
much colloidal matter is present in the sewage, filtration is sl°"
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%
2. The necessity for daily care of the sludge and the labor 

involved in it.
The advantages of the process, however, seem to outweigh 

the disadvantages by an adequate margin, and the process is, 
therefore, commended to the favorable consideration of engineers 
and chemists charged with the disposal of municipal sewage.

2 6 4  R i v e r s i d e  D r i v e  

N e w  Y o r k  C i t y

M ANUFACTURE AND U SES O F CY A N A M ID 1
B y E . J . P r a n k f .

The problem of the fixation of atmospheric nitrogen is one 
which has engaged the attention of scientists for the greater 
part of a century. The rapid growth of the fertilizer industry 
that has attended the development of agricultural sciencc, 
and the great increase in the number and extent of chemical 
industries, during the past fifty years, has emphasized the 
necessity for artificial methods of maintaining and increasing 
the world’s stock of combined nitrogen. One of the influences 
that stimulated immediate action was the introduction in 1887 
by MacArthur and Forest, and at about the same time inde
pendently by Siemens and Halske, of Berlin, of the Cyanide 
Process for leaching gold and silver from their ores. This pro
duced a strong demand for cyanides, which had hitherto been 
used to the extent of only a few hundred tons a year, principally 
in the dye industry and to a smaller extent in electroplating.

Attempts had been made early in the nineteenth ccntury to 
bring about the dircct synthesis of cyanogen from atmospheric 
nitrogen and carbon. Among other processes, that worked out 
in 1847 by Bunsen and Playfair, in which barium carbonate 
was heated in an atmosphere of pure nitrogen, seemed promis
ing, but did not prove to be commercially successful. The in
troduction of the electric furnace in 1894 by Moissan and by 
Willson, for the production of carbides 011 a large scale, gave new 
direction to the researches. Siemens & Halske, among others, 
adopted it for the working out of the problem of nitrogen fixa
tion. In 1895 they worked on the process of Prof. H. Mehner, 
uhich consisted in fusing a mixture of sodium carbonate and 
carbon and conducting nitrogen through the hot mass. In 
the same year they took up the process of Prof. Adolph Frank 
and Dr. Nicodem Caro, which consisted in subjecting a mix
ture of barium carbide, sodium hydroxide, potassium hydroxide 
and carbon at a high temperature to the action of steam and 
nitrogen. Frank and Caro, with the cooperation of F. Rothe, 
soon learned that dry nitrogen is essential to successful absorp- 
tion. In 1898 it was found that barium carbide alone, heated . 
to a temperature of 700 to 8oo° Centigrade, in an atmosphere
0 nitrogen, readily absorbs nitrogen and forms a product in 
" lej1 a*30Ut 3°  per ccnt. of the nitrogen is present as barium 
cyanide and about 70 per ccnt. as barium cyanamide. The re
actions may be represented by the equations:

BaC, 4- N, = Ba(CN)2
BaCj +  N, = BaCN2 + C 

It "as further found that on fusion of this mass with soda the 
CHnamideisconverted tocyanide. This mass can then be leached 

it »atcr, and the cyanide solution thus obtained can be con- 
cr e to sodium ferrocyanide, which is easily separated in a

1 e orm, and which can be sold as such or be converted into 
* soc*'um cyanide by fusion with metallic sodium.
the B "'1CrruPt'on ’n the production of gold in Africa, due to
stin i°°r " ar’ causct  ̂ a decline in the price of cyanide, which
was f t '1C scarc*1 cheaper methods of production. It
at a i°Un ca*c'um carbide could not only be manufactured
wei ht"C\r°St ^Ut *la(' the advantage of a lower molecular
l’oo0 C ca*c‘um carbide a temperature of from 1100 to

, 1 ls required for absorption, but in this case the nitrogen
Societv v 8**“ 0«  the Nashville Section of th e  A m erican Chemical 

«».November 15, 1 9 1 2 .

is fixed exclusively in the form of calcium cyanamidc. On fusion 
with alkaline salts the cyanamidc is readily converted tocyanide, 
and this can be extracted and purified in the usual manner.

Agricultural experiments with the crude calcium cyanamide 
showed that this material is suitable for use as a nitrogenous 
fertilizer, and patents were issued in 1910 to Dr. Albert R. 
Frank, son of Prof. Adolph Frank, and to Herman Freudenberg, 
a co-workcr of A. R. Frank, protecting the use of Cyanamid for 
this purpose. The basic patent protecting the process of manu
facture of Cyanamid was issued to Prof. Dr. Adolph Frank and 
Dr. Nicodem Caro in 1908.

The large demands of agriculture for cheap nitrogenous fer
tilizer materials have directed the efforts of the manufacturers 
tow'ards the production of Cyanamid rather than of cyanides and 
other derivatives. At present the total output of sodium 
cyanide derived from Cyanamid is only about 2000 tons per an
num, while the world’s production of Cyanamid is estimated 
at about 120,000 tons per annum.

MANUFACTURE OP CYANAMID

Calcium cyanamide is formed in accordance with the equa
tion

CaC2 + Na = CaCN, 4- C.
The raw materials, therefore, are calcium carbide and nitrogen. 
Calcium carbide is formed in accordance with the equation

CaO + 3C = CaC2 4- CO.

The raw materials for this reaction, therefore, are lime and 
coke.

For the production of carbide, lime, from 1 inch to 2 '/2 inches 
in size, and coke, about inch, arc mixed, in the proportions 
demanded by the equation, to produce a carbide about 80 per 
ccnt. pure. The mixture is shoveled continuously into a 3-phasc 
electric furnace. The furnace consists of a supporting base 
and four retaining brick walls which arc filled with the lime and 
cokc mixture, into which is submerged three carbon electrodes 
carrying the current. The resistance of the materials to the 
passage of the current raises them to a temperature at which 
the lime melts freely and combines with the coke to form liquid 
carbide. At intervals, as the carbide accumulates, it is tapped 
off through a suitable tapping hole at the side of the furnace 
into iron cars. After cooling, the carbide is crushed and ground 
to a fine powder, and is then packed in perforated cylindrical 
steel cans in the axis of which is a cylindrical paper core. The 
can with the carbide is set in a brick walled oven, slightly larger 
than the can, and is covered with an iron lid. A carbon pencil 
is run through the paper core in the axis of the can. Upon 
passage of the electric current, the carbide is heated, nitrogen 
is admitted to the can, and the absorption takes place very 
readily, raising the temperature to about noo° to 1200° C., at 
which point it is maintained until the absorption is complete. 
The reaction CaC, 4- N, = CaCN2 4- C is exothcrmic, and 
the heat given out is almost sufficient to maintain the mass at 
the combining temperature.’ Upon completion of the reac
tion the cans are removed and the product is allowed to cool. 
It is a bluish black solid, containing small glistening crystals of 
pure* calcium cyanamide.

PREPARATION

The nitrogen required for the manufacture of Cyanamid is 
separated from the air by either the liquid air process or the 
copper oxide proccss. The latter is in use at present by the Amer
ican Cyanamid Company. The copper oxide process is based 
upon the case with which heated copper combines with oxygen. 
The very finely divided copper suspended in a mass of asbestos 
or other inert material is contained in boiler shells provided 
with means for supplying heat externally. Air is pumped 
through the retort, which Ls at about 8oo° C., and is completely 
deprived of its oxygen. The nitrogen is then freed from carbon 
dioxid by passage through a caustic soda tower. The moisture
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is removed by refrigeration, followed by passage of the gas 
through layers of lime, and finally through calcium chloride. 
The nitrogen must be pure and dry, since otherwise there is a 
destruction in the nitrifying ovens of the carbon pencil and of 
calcium carbide in accordance with the following reactions:

C + O = CO 
C + H20  = CO + Hs

CO + CaC„ = CaO *1* 3̂ '
C0 2 + 2CaCj = 2 CaO + 5C 

H20  + CaCj -  CaO + C,H2
3O + CaC2 = CaO + 2CO

The oxidized copper in the nitrogen separation retorts is re
duced in place by reducing gases, such as natural gas.

PREPARATION FOR USE AS A FERTILIZER MATERIAL 

The crude Cyanamid obtained from the nitrifying ovens, after 
cooling, is crushed to a fine powder, and is passed into rotating, 
slightly inclined, steel cylinders, in which it is treated with suffi
cient water to eliminate the carbide and to slake the calcium 
oxide. A further slight addition of water is made before the 
material is run through briquetting machines.

The resulting bricks harden rapidly and are stored until they 
can be crushed just prior to shipment. Crushing is done in a 
scries of rolls with intermediate screens, the final product hav
ing a coarseness of about 15- to 50-mesh screens. It is packed 
in ordinary fertilizer bags and distributed in carload lots to 
manufacturers of mixed fertilizers. The material so prepared 
contains nitrogen equivalent to about 19 per cent, ammonia.

It analyses approximately as follows:

Calcium Cyanainide 45% Iron and Alumina 2%
Calcium Carbonate 4% Silica 2%
Calcium Hydroxide 27% Combined water 4%
Calcium Sulphide 1%  Free moisture 1%
Free Carbon 14%

USES OF CYAN AMID 

At present, Cyanamid is used in this country principally for 
agricultural purposes. It is known to have a fertilizing value 
equal or superior to that of other common products used for 
the same purpose. Some of the earlier experiments with this 
material indicated an uncertain action on very acid moor soils, 
but the same thing is true of other fertilizers requiring nitrification 
prior to absorption by the plant, and is the fault of the soil and 
not of the fertilizer. Such soils must be restored to normal 
condition before fertilizers can be expected to have their full 
effect. In other cases, experimenters applied quantities far 
in excess of those used in practical agriculture, and obtained a 
lower efficiency of utilization than with the normal applica
tions. As a general conclusion from the hundreds of recorded 
experiments and from the testimony of practical agriculturists, 
it may be said that when Cyanamid is used in the same way as 
other fertilizers are used in ordinary' practice, its efficiency of 
utilization is about the same as that of the high-grade fertilizer 
materials, and superior to that of the low-grade fertilizer ma
terials.

The particular advantage of Cyanamid as a fertilizer ma
terial lies jn the advantageous effects that follow its admixture 
with other constituents of complete fertilizers. It greatly im
proves the mechanical condition of such mixtures, and by its 
alkaline properties prevents the escape of valuable nitrogen 
oxides and of bag-rotting hydrochloric acid, set free by the action 
of free acids in acid phosphate upon nitrates and chlorides in 
the mixtures.

Statements have been made that there is a loss of ammonia 
from Cyanamid during long-continucd storage. It has been 
found, indeed, that the nitrogen percentage in stored material 
does decrease, especially in very damp climates, but it has been 
determined byr very careful experiments both on a small scale 
and on a large scale in fertilizer factories, that such decrease in

the nitrogen percentage is due not to any actual loss of nitro
gen, but to the increase in the weight of the material, due to its 
absorption of carbon dioxide and of moisture from the atmos
phere. Part of the moisture absorbed is fixed chemically into 
forms from which it is not recovered on heating in a dry
ing oven, hence it is necessary, when testing the storing qualities 
of this fertilizer, to weigh the material before and after the 
period of exposure and to determine the nitrogen percentage 
each time.

SOIL ACTION' OF CYANAMID 

It has been definitely established by the researches of Ulpiani 
and Kappen, among others, that cyanamid applied to the soil 
is completely converted in the course of a few days into urea, 
by the catalytic action of the colloids and other constituents 
of the soil, in accordance with the following reactions: 

CaCN2 +  2H20 = Ca(OH)2 +  H2CN2 
H2CN2 + H20 ‘ = CO(NH2)2 

The urea is further converted by bacterial action and possi
bly by chemical processes into ammonia, which further reacts 
with zeolites, humates, and other soil constituents, to form double 
ammonium salts, that arc retained as a part of the soil, until 
further bacterial action or the solvent effect of plant roots makes 
them available to vegetation. Cyanamid is said to be completely 
utilized by the crop in from 60 to 80 days.

OTHER USES
When Cyanamid is subjected to the action of superheated 

steam under pressure of several atmospheres, it is converted 
almost quantitatively into ammonia and calcium hydroxide. 
It thus serves as a convenient and cheap source of pure am
monia. By the Ostwald process, which uses thoria and ceria 
as catalytic agents, ammonia can be commercially converted 
into nitric acid.

By fusion of Cyanamid with alkaline salts in the presence 
of carbon, cyanides are easily produced and can be separated 
and purified as desired.

When Cyanamid is extracted with water between 70° and 
100° C., nearly all of the nitrogen is converted into dicyan- 
diamide (H2CN2)2. This compound is used in the dye industry 
and also in the explosives industry in place of ammonium 
oxalate to reduce the temperature of the explosive gases.

Other derivatives, such as urea, guanidin and its salts, and 
various dieyandiamidin salts are now being manufactured in 
Germany. One or both of the hydrogen atoms in the amide 
group in cyanamide, CN.NH2, can be replaced by metals, alkyl 
or aryl groups, alcohol groups, aldehyde groups, and others, 
thus leading to an immense number of organic derivatives. 
The possibilities in this field have been investigated but little.

Various compounds of Cyanamid, and its derivatives, 
with alkaline salts and carbonaceous materials, are made and 
sold in Germany under the names of Ferrodur, Intensit, Hessolin, 
and others. These compounds, known as “ hardening” or 
"cementing” powders, are used in place of cyanides, ferrocyanidc-s, 
waste leather and similar materials, for c a s e -h a rd e n in g  of 
steels. These products containing Cyanamid are not only chcap 
but they are efficient for the purposes for which they are in
tended.

FUTURE OF CYANAMID INDUSTRY 

The Cyanamid industry is  undoubtedly only in its infancy. 
At present there are four factories in Germany, four in Italy, 
two in France, and one each in Austria, Norway, Sweden, 
Switzerland, Japan, and America. The American Cyanam id 
Company built its first plant at Niagara Falls, Ontario, in i9°9’ 
beginning commercial manufacturing January 1st, 1910. Ad* 
ditions to the plant, which will be completed in March, 1913» 
will give a capacity of 25,000 tons per annum, and by the end 
of the year the full productive capacity of the company, includ
ing the extensions now under way, should be 50,000 tons per annum- 

N a s h v u x b .  T e n n .
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CURRE.NT INDUSTRIAL NEWS
B y W . A. HAM OR

UNITED STATES STATISTICS FOR 1912 

Number 2 of Volume 95 of The Engineering and M in ing  
Journal contains a comprehensive treatment of many of the 
minor and major minerals and metals, giving statistics of pro
duction for 1912, and reviewing progress in various departments 
of metallurgy. An abstract of this entire number follows.

Production of  Metals in  t h e  U n it e d  S tates in  1912 

Metal U n it  P ro du ctio n

Copper1 Pounds 1 ,2 4 2 ,8 3 6 ,0 2 4
Ferromanganese Long to n s  2 0 2 ,1 8 6
Gold2 D ollars 9 1 ,6 8 5 ,1 6 8
Iron Long tons 2 9 ,4 4 5 ,0 6 8
Lead3 S ho rt to n s  4 1 8 ,2 2 4
Nickel4 Pounds 3 3 ,3 1 1 ,2 3 3
Mercury* F lasks (75 pounds) 2 5 ,1 4 7 s
Silver2 T roy  ounces 6 2 ,3 6 9 ,9 0 1
Zinc« S ho rt to n s  3 4 7 ,9 2 2

1 From ore originating in  th e  U . S.
2 Preliminary s tatistics  repo rted  by  D irecto r of M in t..
3 Refined lead from ore and scrap  o rig inating  in th e  U. S. A ntim onial 

lead included.
4 Imports for first 10 m onths of 1912. This nickcl is refined in the  

U. S. for the production of m etal, oxide, and  salts.
5 Reported by U. S. Geological Survey.
6 Total production of sm elters, exccp t those tre a tin g  dross and  ju n k  

exclusively; includes spelter derived  from  im ported  ore.

Mineral and Chemical P ro du ctio n  of  t h e  U n it e d  S t a tes  in  1912 
Substance 

Arsenic
Coal, anthracite1 
Coal, bituminous1 
Coke1
Copper sulfate 
Iron ore 
Petroleum 
Tungsten ore

1 Estimates of Coal Age.
2 Reported by U. S. Geological Survey.

U nit P roduction

Pounds 5 ,8 5 2 ,0 0 0
S h o rt tons 511 ,964 ,403
S h o rt tons 427 ,655 ,966
S h o rt tons 41 ,803 ,199
Pounds 39,480 ,741
Long tons 59 ,485 ,477
B arrels (42 gallons) 218,970,815
Short tons 1 ,2902

Metal

Gold1
Silver2
Copper3
Tin4
Platinum5

( 12.000 ounces). Small quan tities  are also ob ta ined  in B ritish  Colum bia. ' — ***** itrc uihu uu
* ustralia, but the am ount is u n im portan t.

States”" " CrC tons iron ore consumed in the United
cs m *912. and the production of pig iron amounted to 

for *ons- The following table shows the production
1912 according to the uses for which it was intended :

Foundry and  forge.......................  5,965^591
Bessemer.........................................  11,740,055
Iiasic.................................................  11 ,386,176
Charcoal...........................................  353,266
Spiegel and F e rro .........................  202,186

in exploration. The Union Sulfur Co. produced in 1912 more 
sulfur than the entire world consumed. No Sicilian crude was 
imported in 1912, although a few thousand tons of refined sulfur 
came from that source, and probably about the normal amount 
was imported from Japan at Pacific ports. A quiet year was 
experienced by the importers of pyrites; the domestic mines 
supplied about 300,000 tons, or less than 25 per cent, of the nor
mal consumption of the United States, but, due to the over
extension of the phosphate industry in 1911, the 1912 demand 
was light.

THE CHEMICAL ACTIVITIES OF BELGIUM
There are 10 zinc works, producing 48,450 metric tons of 

finished zinc, and 13 zinc foundries, producing 198,230 metric 
tons of rough zinc, in operation 111 Belgium. In the Province 
of Hainaut there were 2,057 coke ovens in operation in 1911, 
consuming 2,698,480 metric tons of coal. Other statistics for 
1911 follow:

P r o d u c t  I m t o k t s  E x p o r t s

Chem ical p roducts  524 ,646 ,197  S14,587,631
W indow  glass 75 ,576 7 ,163 ,165
P la te  glass 49 ,022 5 ,643 ,952
Iro n  and  steel 18 ,332,894 1 ,624,562

M e t a l  P r o d u c t i o n  o f  t h e  W o r l d  i n  1912
U n i t  P r o d u c t i o n

D ollars 469 ,618 ,083
Fine ounces 229 ,569 ,903
M etric to n s  1 ,004 ,844
Long to n s  114,196
Ounces 322,000

1 The Transvaal furnished 40.1 p e r cen t, of th e  to ta l, th e  U nited
tates supplied 19.5 per cent., and  A ustra lasia  12.1 p e r cent.

. London continues to  be th e  chief silver m a rk e t of th e  world. Mexico
“  largest producer, having co n trib u ted  76,500,000 fine ounces in 1912;

'  Production of Canada was 35,250,000 fine ounces in 1912.
figures are based upon crude copper, V. r ., th e  sm elters’ production . 

C 4 ^*atcs supplies over half of th e  w orld 's production .
10977 1C V*Sl^ c stoc ĉs ° n  D ecem ber 31, 1912, were repo rted  to  be

1 °ng tons. The average price during  th e  y e a r  was 46.096 cen ts  
PM pound as against 42.2S1 cents in 1911.

Includes productions of R ussia  (310,000 ounces) and  Colombia

THE INCREASED USE OF CHARCOAL IRON

Some very good work (A. I. Findley, The Foundry, 40, 534) 
has been done recently in the direction of giving charcoal iron 
a larger place in car wheel and special mixtures. There have 
been some results, and the demand upon the railroads for freight 
car wheels which will better stand the heavy service of recent 
years is assisting the movement. However, cost is so controlling 
an influence in railroad buying that the low level of coke pig 
iron has held down the charcoal product, and much is yet to 
be done to secure recognition for it on the score of quality. 
In chilled work and for castings requiring a spccial selection of 
raw material, charcoal iron is making headway, and the outlook 
has been sufficiently promising to encourage some additions 
to the capacity of Michigan charcoal furnaces in the past three 
years. Lately, Mayari pig iron, which owes its properties to 
a small content of nickel and chromium, has been offered as a 
component of chilled roll mixtures and for castings requiring 
special strength.

A new process fo r m aking charcoal w rought iron  is being opera ted  by  
a  w orks near P h iladelphia , P a . A n open h e a r th  furnace is u s e d ; i t  is first 
h ea ted  by  oil o r gas. and  th en  a  layer of charcoal is sp read  on th e  h earth  
and  th e  charge of pig  iron  is placed on  to p  of it. T he iron is covered w ith  
a  layer of charcoal, th e n  cold a ir from  tuyeres burns th e  charcoal, m elts 
and  boils th e  iron in th e  custom ary  m anner. The fused m etal runs th rough  
th e  lower layer of charcoal, and  m ore charcoal is added as required. The 
im purities a re  oxidized by  th e  usual cold b last. T he p ro d u c t is said  to  
have  high  p u rity .— W . A. H .

GILLED TUBING

“Sauerbier” patent spiral-gilled tubing for heating, drying 
and refrigerating plants is being manufactured in Germany 
from seamless Siemens-Martin steel tubes with corrugated 
spiral gills, the whole being galvanized. It is claimed that this 
tubing has a large heating surface combined with great strength.

T o ta l............................  29 ,647 ,274  tons

sulfur industry in 1912 was marked by new activities

THE TOXICITY OF WHITE LEAD

Line (Drugs, O ils and Paints, 28, 255) reports that a large 
decrease in plumbism in the manufacture of white lead has 
followed the abolition of female labor and youthful labor in 
England. The decrease is also consequent on ventilation, the
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use of respirators, overalls, enforced cleanliness, alici the avoidance 
of lead dust. No material increase in the cost of manufacture 
has resulted, but death and suffering have been averted. Plumb- 
ism is usually easy to diagnose, yet lead occasionally induces 
obscure affections of the nervous system, the cause and true 
nature of which arc not always recognized. The grinding of 
white lead with oil was formerly a large source of lead poisoning, 
because the pigment was dry, and consequently the grinding 
mill attendants and the lead work laborers inhaled lead carbonate 
dust; but since in many factories the paint is now made with 
the lead carbonate in the moist state, by gradually displacing 
the moisture with oil during the process of grinding, this source 
of danger has decreased. There is said to be more danger in 
the process of grinding basic lead sulfate into paint oil than there 
is when grinding the moist lead carbonate in oil. Line empha
sizes the dangers incidental to the manufacture of red lead, 
these being referred to as “terrible.”

TANTALUM AS A SUBSTITUTE FOR PLATINUM

In a paper on "Tantalum Electrodes,” published in the Chein- 
ikcr-Zcitung, 36, No. 126, 1233, 0 . Brunck discusses the substi
tutes for platinum and the employment of tantalum as a partial 
substitute for this costly yet valuable metal.

As there is little prospect that the price of platinum will ever 
decline to any considerable extent, science and industry have 
made strenuous efforts to obtain a substitute. Quartz glass 
at a moderate price offers, for certain purposes, a substitute 
for platinum, although not quite its equivalent. It is resistant 
to acids, with the exception of hydrofluoric acid, and is insensible 
to sudden changes of temperature, but it is breakable and is 
a poor conductor of heat. Chcmical apparatus has also been 
made of an alloy of 90 per ccnt. gold and 10 per cent, platinum; 
this alloy is harder and tougher than gold, but is, unfortunately, 
more difficult to work than cither one of the component metals. 
It is likely that it might rcplacc platinum entirely if its melting- 
point were higher; as it is, its scope of application is large enough, 
but the economy attained is small, for the price of apparatus 
constructed of it amounts to about two-thirds of thatof platinum, 
owing to the higher cost of molding.

A German concern has recently proposed tantalum, originally 
intended only for the manufacture of metal filaments for electric 
incandescent lamps, as a partial substitute for platinum, 
and has put on the market various forms of apparatus and instru
ments made out of that metal at a price of $0,625 per gram, 
including cost of molding. As a material for surgical and dental 
instruments tantalum has already found favor with practitioners; 
but in chcmical laboratories, tantalum dishes are, so far, the 
only form in which the metal is employed. Brunck states that 
the sensibility of tantalum to oxygen at the higher temperatures 
and to hydrofluoric acid prohibits a more general use of the 
metal as a platinum substitute. In a vacuum tantalum will 
stand the highest white heat, but, heated in the air, it commcnces 
to oxidize below a red heat; and while it is perfectly resistant 
to water solutions of alkalies, the compact metal is destroyed 
by fused alkalies.

Experiments conducted by Brunck showed that tantalum 
could be substituted for platinum as cathode material without 
reserve, while this was not 'the case with regard to anodes. 
He found, however, that if it was desired to use tantalum as 
anode material and to work with a tantalum cathode and a 
platinum anode, the tantalum anode might be plated with a 
thin layer of platinum which could be easily accomplished 
electrolytically. A coating of a few centigrams of platinum 
was found to suffice. It was found to be even better to employ 
an anode of tantalum wire which was plated with platinum by 
a process patented by Siemens and Halske. Brunck reports 
that tantalum has even some advantages over platinum as 
cathode material; for example, zinc and cadmium show no dis

position to enter into an alloy with tantalum on its surface, 
hcncc there is 110 need of the cathode being plated with copper 
or silver as in the case of a platinum cathode. The insensi
bility of tantalum to aqua regia permits the removal of platinum 
and gold precipitate by that acid. A further advantage of tanta
lum over platinum is its greater strength and rigidity which 
prevents the electrodes from getting out of shape by bending, 
The difference in price is noteworthy, that of tantalum being 
40 per cent, less than that of platinum. There is also a saving 
in weight of about 30 per cent. Brunck considers that tantalum 
may serve as a substitute for platinum in the different types o( 
bleaching electrolyses.

SULFUR IN ILLUMINATING GAS

L. J. Willien (Gas Age, 31, No. 1, 5) points out that in a plant, 
where both coal gas and carburetted water gas are manufactured, 
a high percentage of sulfur in the coal has a twofold, and possibly 
threefold, evil effect, namely: (1) In almost every case a
high sulfur contcnt of the gas will be found, both in hydrogen 
sulfide and carbon disulfide; (2) When the coke is used in the 
generator of a water gas machine, about 50 per cent, of the sulfur 
in the coke goes into the gas, so that the sulfur which is not given 
off in the coal gas will be given off in the water gas; (3) A 
coal containing a high percentage of sulfur usually contains a 
high percentage or iron, which will cause clinkering trouble 
when the coke is used in making water gas. By knowing the 
percentage of sulfur in a coal ort coke, the amount of sulfur com
pounds that the unpurificd gas will contain can be approximately 
estimated in the following manner: 'With coal gas, multiply 
the percentage of sulfur by 20 and the product will be grains per 
100 cubic feet of sulfur compounds in the unpurificd gas. With 
water gas, multiply the percentage of sulfur in the coke by 10 
and the product will represent grains of sulfur compounds 
per 100 cubic feet.

In using lime for removing carbon disulfide, while it is neces
sary to remove the carbon dioxide from the gas, still it is not 
economical to remove carbon dioxide by passing through a 
lime box. With six purifying boxes conncctcd so that they can 
be used in any combination, the most economical method of 
operation is to fill four of them with oxide and two with fresh 
lime; allow the crude gas to pass through one of the fresh lime 
boxes for 24 hours to partially sulfide the lime; have the gas 
pass through two oxide boxes first, in order to remove hydrogen 
sulfide, then through the fresh lime to eliminate carbon dioxide, 
then through the lime box containing partially sulfided lime 
to remove carbon disulfide, and finally pass through one of the 
other two boxes filled with oxide, keeping one oxide box in 
readiness to be cut 111 when necessary. Where the amount of 
sulfur compounds allowed in the gas is limited to 30 gram> 
per 100 cubic feet, it is hardly safe to use a coal containing more 
than 2 per cent, of sulfur and keep within the limit by using 
lime. Where the limit is 20 grains, the coal used should not 
contain more than 1.5 per cent, of sulfur.

THE USE OF GASES FOR FIRE EXTINCTION ON BOARD
SHIP

A discussion on the use of gases for fire-extinction and fumigi' 
tion on board ship took place at the meeting of the B ritish  

Institute of Marine Engineers on November 25, 1912. A re
port of such parts of this as are of interest to the chemical engi
neer is presented below.

G. Canning said he thought that the practice of blowing steam 
into the cargo could be regarded only as a check to initial out
breaks. It had been said that the danger to human beings of 
systems in which odorless gases were used, could be overcome 

by impregnating the' gas, but such a procedure depended a 
great deal upon the operator. Canning considered that the 

possibility of a deposit taking place in the pipes was more likel)
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in the case of flue gas than in the sulfur dioxide apparatus. 
In his opinion, sulfur dioxide was also more efficacious for fumi
gation purposes.

P. Selow said that with the carbon dioxide system ten cylinders, 
each of 40 pounds of liquefied gas, would be sufficient to deal 
with a space of about 42,000 cubic feet. The average number 
of cylinders supplied to a vessel was 50, and the cost of a new 
installation should not be more than $1750.00 at the outside.

Prof. Armstrong said that carbon dioxide, sulfur dioxide, 
steam, and flue gas systems were all based upon the same princi
ple—the reduction of oxygen in the air. The carbon dioxide 
system required a somewhat expensiveequipmentof iron cylinders 
filled with the compressed gas, and there was the disadvantage 
that when the supply was exhausted, as it might be on a long 
voyage, the system would be valueless. The same difficulty 
occurred in the case of the sulfur dioxide system, with the addi
tional objection that the use of sulfur dioxide would injuriously 
affect the metal-work of the ship and certain cargoes. Steam 
had the advantage that it was always there as long as the boilers 
were at work. The flue gas system also had that advantage and 
was very ingenious, as it utilized a waste material, which could 
be obtained as long as the coal supply lasted, and which had 
practically the same power as the other gases of acting as an 
extinctive agent, while it was without their deleterious cfTcct 
on the cargo.

J. Craig stated that the temperature of the flue gas was re
duced to about ioo° F. when put into the cargo. There was, he 
maintained, no deposit in the pipes with this system. He 
pointed out that a cooling process was necessary in fire extinction.

K. Scott considered the use of inert gases as of particular 
value for the prevention of spontaneous combustion in cargoes 
of coal, cotton and wool. He called attention to the fact that 
a distinctive odor could be imparted to inert gases by the addi
tion of carbon disulfide, mustard oil, etc., and that the fumigating 
power might be thus increased.

THE BILLITER ALKALI-CHLORINE CELLS 

^Allmand (Chem. News, 106, 291) reports that J. Billiter, of the 
crsitv of Vienna, has designed two successful types of non- 

®|ercur\ alkali-chlorine cells. The Billiter-Siemens cell has 
rea y been described in several places. It has diaphragms, 
CSC *5c'nS placed horizontally instead of vertically, as is gener

ally the case. The floor spacc required is greater, but the dia
phragms arc stabler chemically and the current efficiencies 
arc high. Several installations of this ccll are working on the 
Continent and in America. The Billitcr-Lcykam ccll is a modi
fied bell-jar cell. The cathodes are, however, arranged under
neath the bell-jar, being contained in porous asbestos hoods to 
catch the hydrogen. The brine leaving the cell docs not there
fore changc the direction of its motion before reaching the cath
odes. A far more uniform flow is thus obtained, and the current 
efficiency is high in result thereof. It is said that the porous 
asbestos hoods offer very little resistance to the passage of the 
current. The cell, being furthermore heated by means of hot 
liquids flowing through earthenware pipes, requires low voltage. 
At 85°, 12 to 13 per cent, of sodium hydroxide can be made at 
92 per cent, current efficiency, employing 3.1 volts. Attendance 
chargcs arc low and unpurified brine is used. The first installa
tion at Gratwcin, Austria, is said to work very satisfactorily.

A NEW TIMBER PRESERVING PROCESS 

In the process for the preservation of timber devised by R. A. 
Marr, the preservative material is melted paraffin with silica in 
suspension, together with a small amount of naphthalene. The 
silica used is diatomaceous earth of which 92 per cent, will 
pass 200 meshes to the linear inch. It is said (Eng. M in . J .,  
94i 1125) that wood can be permeated to the center, regardless 
of the dimensions of the timber, in a maximum of four hours as 
against 12 to 24 hours for creosoting. It is claimed that the 
treatment will prevent checking, adds resilience to the timber, 
and renders it immune to the attacks of the teredo and other 
marine borers, owing to the hardness of the silica. It is also 
claimed that the treatment is successful with white oak and 
other hard woods which are impenetrable by other processes. The 
process is an open-tank one, the experimental plant consisting 
of a vertical cylindrical tank just large enough to admit a rail
road tie and jacketed to retain the heat supplied by a gasoline 

urner beneath the tank. The tank holds about 125 pounds 
of the preservative mixture, which costs about $0.03 per pound, 

or complete impregnation of oak and pine it requires about 
1 -65 to 2.00 pounds of solution per cubic foot of timber. Spikes 
and nails are said to hold better than in creosoted or in un
treated wood, and not to rust; and the treated wood does not 

come waterlogged under any conditions of use.

WATER PURIFICATION IN THE INDUSTRIES

In The Chem ical Trade Journal, Royal-Dawson states that 
the best way to keep a boiler as free as possible from sediment 
is by forcing air through it and greasing the inside with petro
leum. A good way is to add petroleum to the water, and this 
directly avoids the formation of scale. Heavier oils arc not to 
be recommended, as they tend to form fatty acids on dissocia
tion at the high temperature and pressure at which boilers 
arc worked. Fatty acids form a thick coat ou the sides of the 
plant, and in time corrode the metal.

The general method is to use a mixture of soda and lime. 
The soda precipitates the lime salts as insoluble carbonate of 
lime, and the lime in a slaked form, or lime water, decomposes 
the bicarbonates. If the water be heated it can be purified 
by soda alone, when calcium sulfate is precipitated and the bi
carbonates are decomposed by the heat. It is the custom to 
purify feed waters before they enter the boiler, and only such 
water as is dear and free from sediment should be used. If 
such treatment of boiler feed waters were systematically done, 
and put under proper continual chemical control, the cost of 
fuel for heating would be greatly lessened, and the life of a boiler 
would be no anxiety to the chemical engineer.

It is a good recommendation that the works chemist should 
include in his daily routine of ordinary tests outside the labora
tory that of testing the water in boilers for acidity or alkalinity, 
and have a certain standard to go by.

With regard to trade effluents, the same author goes on to say:
The drainage • from breweries varies considerably, but it 

chiefly comes from the ‘ coppers,’ or boiling vats, consisting 
of hop refuse and soluble nitrogen compounds. The water 
hardly requires chemical treatment, being so dilute, but in case 
of necessity a mixture of lime and alumina is recommended.

“ Pyrites pits waste contains ferrous sulfate and sulfuric acid 
in the drainage water. By treatment with oxide of lime, crude 
gypsum could be obtained in the usual way.

“The refuse water from tanneries contains decomposed animal 
matter. Sulfide of lime, and arsenic from the use of sheep dips, 
may also be found. In this case clarification with lime and sul
fate of iron, and filtration afterwards, is to be recommended.

“The refuse of the Leblanc soda proccss, when dried, could 
either be used as a manure or worked up into other products. 
The waste effluents from the ammonia soda proccss contains 
much calcium and sodium chloride, and from these constituents 
hydrochloric acid and free chlorine can be produced.”

THE SLATE-BED TREATMENT OF SEWAGE 

At the Ordinary Meeting of the London Section of the Society 
of Chemical Industry, on December 2, 1912, W. J. Dibdin gave 
an account of the success of the slate-bcd process. The intro
duction of this process marks the utilization of one waste product,
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slate débris, to effect the conversion of offensive organic waste 
into an inoffensive earthy form having some manurial value. 
The action of the slate-beds are summarized as follows: The 
solid matters in the sewage are allowed to settle on shelves of 
slate supported by slate blocks at a distance of about two inches, 
these being superposed to a depth of one to five or six feet as 
required. In consequence of the alternate filling and emptying 
and resting empty, the deposit becomes the home of many types 
of organisms that digest the matters and render them inoffensive 
in like manner to the action by which earthworms produce a 
humus from organic débris, and throw it to the surface in the 
form of worm-casts. In the slate-bed the deposit of earthy 
matter thus formed on the surface of the layer of mud on the 
slates is washed off by the receding effluent when the bed is 
emptied, and forms a black slurry, consisting of mineral and in
digestible matter with numerous organisms from the bed. This 
slurry is then placed on a suitable drainage bed for the water 
to drain off and to allow time for the full digestion of any crude 
material that may have come from the bed, and, finally, to allow 
the host of infusoria gradually to extinguish themselves by 
the natural process of the "survival of the fittest.” As a re
sult of experiments during a period of eighteen months at High 
Wycombe, England, it was found that the quantity of residual 
matter was equal to only 3.4 tons of 90 per cent, moisture per 
million gallons of normal sewage. “ On the assumption that 
farmers will remove the air-dried humus at their own cost, the 
capitalized annual economy will repay the cost of the slate- 
beds.” The nuisance of sludge disposal is also abolished.

THE MANUFACTURE OF SWEDISH FILTER PAPER

Fornstedt (Paper, 10, No. 3, 17) describes the processes in
volved in the manufacture of filter paper in Sweden.

Machine-made filter paper is used chiefly in the household 
and for technical purposes, while hand-made filter paper for 
scientific analyses is of better quality, though of different grades 
and make, according to the character of the analysis to be made. 
The paper being more or less quick-filtering it is made with re
gard to whether a mere purification of the liquid is intended or 
whether the substances collected on the paper are to be qualita
tively or quantitatively determined.

Some qualities of filter paper, as white and gray woolen paper, 
are made generally in small paper mills which are not equipped 
with steam boilers. The rag is furnished "raw” in the beaters 
and beaten free, but care is taken to avoid lumps. The paper 
is made on a cylinder machine and taken wet on the hasp from 
where it is cut by hand and hung up for drying. A rough 
mottled surface is produced by means of a coarse wire cylinder 
running on the wet paper web, the impression remaining very 
plainly after the paper is air-dried.

The cleanest rag is used for filter paper, and it must be of 
the best quality and sorted carefully. Iron is, of course, one 
of the worst impurities in a filtering paper. The rag is boiled 
with sodium hydroxide, as it gives a lower percentage of ash 
than lime: and for bleaching a mixture of manganese dioxide 
(8 parts), sodium chloride (6 parts), and sulfuric acid (5 parts) 
is used in lead retorts. After the rag is boiled, washed and beaten 
to halfstuff, it is dried in a centrifugal drier and spread in layers 
on wooden poles in the bleaching chamber. This chamber 
is of concrete, lined with wood. After the bleaching chamber 
is filled with halfstuff, the door is closed and chlorine is admitted 
through an aperture in the roof. After all air has been expelled, 
the chamber is well sealed, and the halfstuff, after absorbing 
the chlorine for several hours, is effectively bleached. Lique
fied chlorine is now used in some mills in this bleaching process.

The analysis of boiled and bleached halfstuff shows the 
following ash percentages (silica and lime):

New s h irt cu ttings, No. 1.......................................  0.039
Old linen, w h ite ..........................................................  0.132
Old linen, g ra y ............................................................  0.140
Colored co tto n s ...........................................................  0.177
W hite  co tto n s ..............................................................  0.107
Sulfite, b leached .........................................................  0.298
Soda, b leached ............................................................. 0 .4

It is, of course, a matter of great importance that the water 
used in the manufacture of filter paper should be as pure as 
possible, but it is impossible to avoid some ash-containing matter 
from being introduced to the halfstuff with the water of manu
facture and in the transportation of the halfstuff and the process 
of drying. Generally the increase is from 0.02 to 0.05 per cent, 
depending on the state of the weather and the condition of the 
water.

The time consumed in beating varies according to the nature 
of the material. Halfstuff freshly bleached requires a longer 
time than that which has been stored some time. Neither 
too free nor too slow stuff should be used for filter paper. Stuff 
that is too slow retards filtration— meaning the time taken lor 
a given quantity of water of a certain temperature to filter 
through a paper of specific diameter. Paper made of too free 
stuff fails to keep back the finer grained sediments, such as sul
fate of barium, etc.

Among the considerations to keep in mind in the manufacture 
of filter paper are the rate of filtration demanded, the ash con
tent, resistance to sulfate of barium, fine holes, weight, and 
impurities.

To produce a filter paper of low-ash percentage requires 
treatment with hydrochloric or hydrofluoric acid or a mixture 
of these acids, which will remove impurities like ferric oxide, 
alumina, lime, magnesia and silica, and paper so treated is 
practically a pure cellulose paper. With hydrofluoric acid 
silica is removed, and with hydrochloric acid the other sub
stances enumerated arc dissolved away. After treatment with 
acids the paper should be thoroughly washed with distilled 
water to remove the last traces of acidity.

To test the neutral reaction of the paper after washing, a 
solution of nitrate of silver is used to advantage. The wet 
paper is squeezed with the hand over a glass funnel and the water 
filtered into a test tube. In another test tube containing dis
tilled water a few drops of test solution of nitrate of silver are 
added, and the same quantity is added to the water expressed 
from the washed filter paper. The two tubes are then compared 

against a black background. If not neutral the water from the 
filter paper will show an opalescence due to the chlorides remain
ing in the paper, and further washing is necessary. After this 
treatment the paper is pressed and hung out in open barns in 
order to freeze it.

By freezing, the paper is made soft and porous, since the 
ice crystals formed in it serve to drive the fibers apart. Because 
of this the finest qualities of filter paper only can be made w 
the winter time in cold countries.

Experiments have been tried of subjecting paper that has been 
dried in a warm atmosphere to a subsequent freezing operation 
in order to impart the desired softness and porosity, but it has 
been found that paper treated in this way does not become soft 
and it never comes up to the standard of the best Swedish filter 
paper.

THE MINIMIZATION OF FIRE RISKS IN THE CASE OF IN
FLAMMABLE LIQUIDS

A Berlin firm is manufacturing plants for minimizing and Pre‘ 
venting risks from fire or explosions in industries where inflatnm11' 
ble or explosive liquids are employed.

The inflammable liquid, for instance, benzine, flows out ofthe 
tap, as desired, under the normal pressure of protecting gas®1' 
The pipes and valves are protected against injury, and the taps
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THE BRITISH STARCH INDUSTRY
The cornstarch industry of America has been dealt with in 

several papers published in the Journal o j  the Society o j Chem ical 
Industry (see Ibid., 1900, 617; 1902, 4; 1909, 343; and 1910, 
527), but the starch industry- of Great Britain has just recently 
been discussed by Traquair {Idem., 31, No. 21, 1016).

The maize starch industry is centered in Paisley, Scotland, 
rice starch manufacture is located in England, while Ireland 
produces the whole of the wheat starch. At one time there were 
some 10, plants manufacturing maize starch in Paisley and neigh
borhood; at present'there are 5. These grind about 600 tons 
of Indian com weekly and produce about 20,000 tons of starch 
and com flour annually. The process of manufacture is prac
tically identical with that employed in America.

Traquair states that the future development of the maize 
starch industry seems to lie along the line of (1) technical utiliza
tion of the maize glutens; (2) the application of diastatic con
version to the production of starch sugar in a concentrated solu
tion; and (3) new acid conversion methods and products. The 
peculiarity of the British position is that the com is all imported 
and shows'a wide diversity of quality and origin. This state of 
affairs calls for some flexibility in the process to enable the best 
results to be obtained.

The present position of the industry is said to be a precarious 
one. The import of American maize starch exceeds the home 
production, and represents the surplus of the enormous produc
tion of the United States; it is frequently sold at a price which 
hardly covers the cost of production. This policy has resulted 
in the closing of the smaller starch works and has forced the 
others to go in for special products and treat American pearl 
starch more as a raw material than a manufactured article. 
The total export of maize starch from America in 1911 was 
37,430 tons, of which 92 per cent, went to Great Britain.

B e  M L i ríe 
Admisiion Point

can, in the case of garages, etc., be put in any part of a building 
as desired. In cases wherein large quantities of the inflammable 
liquid are to be stored, the storage-tank is located underneath
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The raw material of the rice starch industry is broken rice, 
and from a chemical point of view the process is simply the solu
tion and separation of the proteids and fiber by treatment 
with a weak alkaline solution. Rice starch is said to be un- 
equaled as a cold water laundry starch, as it easily penetrates 
the fabric, owing to its very small granule and is swollen during 
the ironing process. There are 10 to 12 plants in operation, but 
only 3 or 4 of these arc large.

Wheat starch is the best starch for linen dressing and finishing, 
and the location of two plants in the north of Ireland follows the 
natural course. The ra\v material in the modern process is 
wheat flour, and the gluten is recovered instead of being lost 
as in the old fermentation process.

THE SULFITE WASTE LIQUOR PROBLEM

In T h is  J o u r n a l  (5, 78-9) is published some correspondence 
relating to the utilization of the waste liquors of sulfite cellulose 
mills which recently appeared in several German journals. 
It is of interest to again note that the controversy is still in prog
ress in the columns of our foreign contemporaries in regard 
to the practical and economical utilization of the waste liquors 
from the sulfite cellulose process, and the author of an article 
in Papier Zeitung, which a later correspondent criticized, comes 
to the defense of his paper in a recent issue of that publication, 
in a communication that forms an addition to the literature of 
the subject. He says, in part, according to Paper:

“ In no respect is the article in question'directed against the 
utilization of sulfite waste liquors; on the other hand a possibly 
profitable process is heartily recommended to cellulose manu
facturers. But when a daily paper of the importance of the 
Frankfurter Zeitung publishes inadequately verified technical 
articles, there is danger that cellulose manufacturers or capitalists 
may be tempted to invest money fruitlessly in waste liquor 
utilizations. And there should particularly be a warning against 
the production of products of low value that afford no promise 
of interest on capital.

“Such, however, is notably the process of coal briquetting with 
unpurified waste liquor, rich in ash, which is commended in the 
Frankfurter Zeitung. There is no significance in the fact that 
Privy Mining Councilor Francke has written on the subject 
in 1910; rather this is proof of the slight extent to which the 
value of the experiences described has been recognized. Even 
the Frankfurter Zeitung is as yet unfamiliar with the failures 
that have been encountered in the employment of unpurified 
sulfite waste liquors and cellulose pitch in coal briquetting. 
Neither neutral concentrated cellulose pitch nor acid concen
trated waste liquor furnish unobjectionable briquettes; only 
purified, consequently to a certain extent ashless, liquor could 
be employed for coal briquetting. Almost all the large German 
banks have had propositions for coal briquetting with sulfite 
waste liquors submitted to them and the unanimous opinion 
of experts has been to.the effect that the briquettes were of low 
value or unfit for use.”

How waste liquors could be freed from acid or purified, it 
was not the purport of this paper to discuss, the author continues; 
it ŵ as intended only to warn against extravagant expectations, 
for, until to-day, the commercial value of sulfite briquettes has 
been nowhere proven. In cellulose manufacturing circles so 
far, the more rational decision has been arrived at to profit 
by the failures of others before throwing away money on under
takings devoid of prospect.

Against ore-briquetting with sulfite waste liquors nothing 
is said, only the fact is noted that the few furnaces that have 
so far used the process, have kept their experience secret and 
that, for this purpose, license-free concentrated sulfite waste 
liquors can be used just as well as patented, solid cellulose pitch.

“ If the agriculturist wishes to obtain lime for fertilizing pur-

poscs, he can do so cheaper by methods other than the used 
sulfite waste liquors, the product of which, under the most 
favorable circumstances, is gypsum. Agricultural expert 
authorities are, however, uttering earnest warnings against the 
ovcrplastering of the soil (by means of superphosphate, (or 
instance). The organic nutritive substances of the sulfite 
waste liquors, which are always of value to plant life, have not 
hitherto been furnished to the farmer in their best available form. 
Least of all arc cellulose pitch or concentrated liquor adapted 
for this purpose, for their hygroscopic properties and their 
crust-forming tendency are serious disadvantages, apart from 
the fact that the material is much too expensive for the fanner. 
If sulfite waste liquors arc to be utilized in agriculture, unob
jectionable products must first be obtained from them. The 
advertisement of sulfite-waste liquor that has been concen
trated by any means is no assistance.

“Against the possibility of ‘ donating’ sulfite waste liquors 
for road sprinkling, there is no objection to be made. But 
in the Frankfurter Zeitung there is no mention made of 'do
nating,’ rather the millions to be earned in Germany by con
centrating plants was enlarged on. For this reason, to pre
vent misunderstanding, the fact was mentioned, that the cities, 
in spite of exhaustive tests, would have nothing to do with waste- 
sulfite liquor for road sprinkling. They prefer to use chloride 
of.calcium, because experience with it has been more satisfactory 
The disinfectant properties of sulfite liquor are also exposed 
to grave doubt.

“The utilization of sulfite liquors for tanning extracts was not 
mentioned by the Frankfurter Zeitung, therefore there was no 
reason fo refer to them. The writer referred to said he was 
familiar with the extent to which among tanners and leather 
chcmists, controversy rages for and against their use. It is 
therefore the work of these trade authorities to collect the re
sults of experience in this new field. If the new tanning ex
tract proves satisfactory, the German technique can be trusted 
to make use of it because for the tanning substances now most 
in use duty must be paid. On sulfite liquor-tanning extract 
from abroad duty would also have to be paid.”

“SACCHULOSE”

It is well known that the industrial utilization of the alterna
tive chemical substances which wood is capable of yielding has 
received a new impetus by the application of several processes. 
A. Zimmermann (Client. Trade /., 51, 588) discusscs the ' Classen 
process,” as used in England. In this process sawdust is sub
jected in closed retorts to digestion with a weak solution of sul- 
furous acid and under a pressure of about 6 to 7 atmospheres- 
Of the resulting product, sugar is an important constituent, 0 
which it contains about 25 per cent. This sugar is drawn equal!) 
from the soluble and insoluble carbohydrates; it is d«trJ 
in part and is fermentable to the extent of about 80 per cent., 
the rest being pentose. So far it has not been possible to 0 
tain a crystalline sugar on a commercial scale. According • 
the original scheme, the sugar produced was, in effect, uor'L 
into alcohol, and the maximum yield was about 30 to 35 Prix' 
gallons per ton of wood. The English Spirit Act of iSS° D':; 
tains, however, so many restrictions in the m an u factu re  ot sp 
from anything but the conventional sources that it was fo# 
to be practically useless to pursue the matter. ZinmierniaiJ 

has found wood sugar, or “ sacchulose,” to be of v a lu e  as an ar >l l 
of food, particularly as a feeding-stuff for horses, and statu 
that a probable use is also in the preparation of caramel- - 
cording to his findings, a factory capable of treating 200 t0DS 
of sawdust per week can turn out between 300,000 and 400,c*J 
gallons of proof spirit per year. This also gives by-products 
50 tons of acetic acid, 10 tons of furfural, and 2,000 gallons 
methyl alcohol for recovery.
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NOTES AND CORRESPONDENCE
A STANDARD VISCOSIMETER AND STANDARD METHODS 

FOR DETERMINING VISCOSITIES— WHY NOT?

Editor of the Journal o f Industrial and Engineering Chemistry: 

Although the unsatisfactory condition which exists in this 
country, in the determination of the viscosities of lubricating 
oils, was emphasized in the report of Committee D-2 on Stand
ard Tests for Lubricants (Proc. A m . Soc. Testing M aterials, 10, 
117-146), no action has since been taken to improve the situa
tion. The writer does not know just what official action could 
best be taken, but he believes that he expresses the opinion of 
most chemists interested in the oil-distributing industry, when 
he states that the condition is eminently unsatisfactory.

Aside from the use of a large number of types of viscosimeters, 
which must of necessity occasion unnecessary work in checking 
up oils for specifications, there is the more serious defect, that 
no adequate provision seems to be made for standardizing vis
cosimeters of a given kind. The data included in the report 
(Ibid.) show that variations of 20-30 per cent, in the viscosities 
reported by the different analysts, for the same oils under the 
same conditions, are not infrequent. It would seem that differ
ences as large as these must be due, in the main, to a lack of 
agreement between the viscosimeters. In the relatively small 
number of comparative tests which the writer has had with 
other analysts, chccks within 3 per cent, as a maximum varia
tion have been obtained. Each analyst with his own viscosim- 
etcr would, of course, get values agreeing to 1 or 2 per cent.

The situatioii in Germany, in particular, would seem to.be 
much better. The almost universal use of Engler’s viscosimetcr, 
together with the provisions made for its accurate construction 
and standardization and with the reference tables such as those 
of Ubbelohde, must insure better working conditions for the 
trade. From these tables it appears that the extreme varia
tions for different instruments are 4 per cent. (50-52 scconds 
water value at 20°). Moreover, by employing the certified 
water value, which may be checked from time to time, it is possi
ble to obtain from the tables, the Engler numbers, or the corre
sponding absolute values, which are certainly accurate to a much 
smaller percentage. The saving of time made possible by 
running only 50 or 100 cc. of oil, and also the possibility of 
checking the regularity of the course of a determination, are de
sirable features, which the use of the tables affords.

Since the Saybolt instruments are not obtainable in the open 
market, and the Tagliabuc instrument seems to be unreliable 
and faulty in design (Report of Committee D-2, Ibid.), it would 
seem desirable that the Engler viscosimetcr be adopted in this 
country. One or two objections may be advanced against 

e Engler, but these arc unquestionably more than offset by 
lts many  advantages. The recommendation of Ostwald’s 
'iscosimeter by Dunstan (J . Soc. Chem. Ind., 31, 1063-4) would 
probably not be received favorably by the trade here, although 

suggestion that determinations be made at several widely 
1 ering temperatures, is a good one (now complied with to 

a certain extent). The results obtained by Ellis (Met. Chem.
MS-. 10, 546) should be especially valuable if a satisfactory 

apparatus, such as Engler’s, were adopted, provided that the 
omperatiirc-Yiseosity Law proves to hold for oils of widely 
1 erent character. In this connection, it might be stated

s r! lY m ° rc  ^ c*in ’tc  c o n c e p t io n  o f  t h e  “ t e m p e r a t u r e  o f  c o m p le te  
so i 1 c a tio n ,”  a n d  a  fu ll d e s c r ip t io n  o f t h e  p r o p e r  m e th o d  fo r  

c erm ining th is  v a lu e , a r e  d e s ir a b le .

t io W'pSs’m'*ar.to those obtained by Gray (Original C'ommunica- 
international Congress o f A p p lied  Chemistry, 10, 

for' arc useful, and have been employed in our laboratory 
Somc time, but their usefulness is impaired by the lack

of uniformity between different viscosimeters of the same type.
Until some reliable standard instrument is adopted, it would 

seem useless to attempt the preparation of tables and curves, 
analogous to those of Ubbelohde. This conclusion is based 
upon the unsatisfactory data obtained by Committee D-2, 
and on the failure of data obtained in our laboratory to check 
even approximately with some of the curves given in the report 
(Ibid.).

Fig. 12, in the report, is improperly labeled, and somc of 
the curves do not check with the data, owing to the fact that 
the proof was not submitted to the chairman, Dr. Gill, and the 
publishers saw fit to change the cuts submitted to them. (Pri
vate communication from Dr. Gill.) Fig. 13, showing the re
lations between the different viscosimeters at 212 0 F., indicates 
that the Saybolt Universal values should be somewhat more 
than twice those obtained with the Saybolt C instrument. 
The following values, taken from our note-books, are not in 
accord with this requirement. In these tests, no precautions 
other than those usually observed for maintaining constant 
temperatures, measuring the oil, and taking the time with a 
stop-watch, were taken.

T e m p e r a t u r e  2 1 0 °  F .

O i l  S a y b o l t  C  S a y b o l t  U n i v e r s a l

D. W . 40" 42"
I \  A. 42Vs" 46"
I>. R . 541/o" 553/s"
E . F . G.» U 4" 127"
C. S.l 148" 132"
M. S. R .l 233V.," 2272/s"

i These values were n o t ob ta ined  from  th e  sam e sam ple of oil, b u t from  
different lots of the  sam e oils, w hich have alw ays show n only  sm all v a ria 
tions from lo t to  lot.

Dr. Gill kindly had a sample of P. R. (from the same lot) 
run in his laboratory', and reported a viscosity of 543/ /  at 
210°, Saybolt C. He checked our Universal viscosimeter at 
ioo° F., and we have also had several satisfactory checks with 
technical analysts on both the Saybolt C and Universal instru
ments. It is improbable, however, that satisfactory chccks 
would be obtained with any large number of analysts, in view 
of the lack of concordance indicated in the above mentioned 
report.

The writer has written this note for the purpose of once more 
calling attention to the unsatisfactory condition in the de
termination of viscosities, and trusts that others may interest 
themselves to the extent of working out some adequate solution 
of the difficulty.

W. F. F a r a g ü KR

L a b o r a t o r y  o f  T h e - A i-d e n  S p e a r e ’s  S o n s  C o .

B o s t o n , J a n . 15, 1913

THE USE OF A LIGHT FILTER CELL IN POLARIZING HIGH 
GRADE SUGARS1 

Explicit directions for the polarization of sugars as to normal 
weight, graduation of sugar flask, clarifiers, temperature of 
polarization, and the sources of light, arc given by the Inter
national Commission for Uniform Methods of Sugar Analysis 
but no mention is made of a light filter cell to be used with the 
prescribed sources of white light. It may be deemed by some 
a necessity too well known to be mentioned, yet many sugar 
chemists do not know that without its use an error is introduced. 
The purpose of the light filter cell is to correct the difference 
in rotation dispersion between sucrose and quartz. The blue 
and violet end of the spectrum causes the greatest amount of 
rotation dispersion and these rays are easily absorbed when the 
light is passed through a solution of neutral bichromate of potash.

1 R ead  a t th e  7th  m eeting of the  In te rn a tio n a l Commission fo r Uni- 
form  M ethods of S ugar A nalysis held in New Y ork  C ity, Sep tem ber 1 0 , 1912 .
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Dark colored sugar solutions naturally tend to purify the 
light but with light colored solutions there is little purification. 
When these blue and violet rays are not cut off the polariza
tion is always higher than when they are removed. In some 
cases an increase of as much as 0.30 V. has been noted. 
Schonrock1 noted an average increase with some observers of
0.1270 V. He recommends as a filter a 6 per cent, solution 
of bichromate in a ccll 11/2 cm. long. Browne2 found that the 
average difference between the readings of the lowest of 4 ob
servers, when using a 3 per cent, solution in a 3 cm. column, was
0.030 V. while with no cell it was 0.220 V. and with a 1 per 
cent, solution in a 3 cm. cell it was 0.080 V. From this it is 
seen that results are made concordant by the use of a 3 per 
cent, solution in a 3 cm. column or by using a solution of such 
strength that the percentage multiplied by the length in cen
timeters is 9.

Most makers of polariscopes include in their apparatus either 
a light filter cell or a crystal of bichromate placed in the ocular 
but in their directions accompanying the instruments no par
ticular mention is made of the use of the cell. Letters ad
dressed to foreign sugar chemists regarding the use of a light 
filter cell brought the following replies.

Dr. A. Herzfeld, of the Institute for Sugar Industry, Berlin, 
Germany, writes:

"The bichromate filters in small tubes were introduced by 
me more than twenty years ago and that first in the Peters’ 
instrument and later they were taken up by Schmidt and Haensch. 
They are not absolutely necessary in the investigation of colored 
sugar products by means of the half shadow instrument but they 
are absolutely necessary in the case of colorless sugar solutions. 
We use a i ‘/2 cm. layer of a 6 per cent, bichromate solution. 
* * * We remove the bichromate solution from the apparatus 
only in case very dark solutions are being examined in which 
it is just possible to adjust to a half shadow'. I believe that the 
use of the ray filter cannot be avoided in electric or acetylene 
lights with colorless sugar solutions. A solution is always 
to be preferred over solid crystals, since it can easily be removed 
or renewed.”

Dr. F. Strohmcr, of the Chemical-Technical Experiment 
Station for the Austrian Beet Sugar Industry, Vienna, Austria, 
writes:

“We always use a bichromate ccll in our polarization apparatus 
which is placed between the polarization apparatus and the 
source of light. * * * We have always had the best success 
with this arrangement and no differences at all have ever oc
curred. As a source of light we use a strong Auer or Nemst 
light and with such mixed lights I consider this arrangement 
necessary since by means of it the light, which is finally polarized, 
is homogenized.”

Mr. H. C. Prinsen-Gecrligs, of Amsterdam, Holland, writes: 
"The two hundred odd sugar laboratories in Java are organ

ized and have the following rule:
“ ' When moving the screw’ for the exact quality of color, the 

difficulty is often encountered that at the equal shading of the 
two halves of the discs, the color of both is not exactly the same, 
one-half possessing a red and the other a blue tinge. This very 
troublesome phenomenon, which hinders the exact ascertaining 
of the proper equality, is especially met with in the case of color
less or feebly colored solutions having to be polarized and is 
due to small differences in the optical properties of sucrose and 
quartz. In the old apparatus this trouble was neutralized by 
inserting a plate of transparent potassium bichromate in the 
ocular which absorbs the blue and violet rays and imparts a 
yellow color to the disc. In modern apparatus the plate is re
placed by a solution of bichromate which is poured in a short 
observation tube of a very wide diameter which is inserted in 
the polariscope between the lamp and the lens and which may

1 Zl{7. Ver. d. Zuckerind., 54, 521-53 (1904).
2 U. S. D ept. Agr., Bur. Chem., Bull. 122, p. 222.

be taken out to be made afresh. Working with sources of white 
light, i. e., unfiltered electrical, Argand, Auer, kerosene and acet
ylene light, every separate observer finds values which are iden
tical for his eye but which after experiments made by Schon- 
rock may differ by 0.008 to 0.1270 V. with those obtained by 
other operators when the polarizations are about 100, which 
clearly shows that by no means polarizations should be made 
with unfiltered white light. These differences disappear well 
nigh entirely if the light from the above mentioned sources is 
purified by allowing ii to pass through a 6 per cent, solution oi 
potassium bichromate in a layer of 6 cm. Hereby the difference 
in color between the two halves of the disc after the fixing of 
the just position, which is caused by the difference in dispersion 
between sucrose and quartz, is almost totally neutralized. 
In order to obtain by different operators fully concording figures, 
it is indispensable to apply the aforementioned tube with po
tassium bichromate solution. Only in ease the polariscope 
is not equipped with such a contrivance a plate of bichromate is 
to be inserted in the ocular. When polarizing dark colored 
solutions, the bichromate solution may be more diluted but it 
should never be left out.’

"You see we are rather strict in Java.”
Dr. H. Pellet, of Paris, France, writes:
"For the saccharimeter of the Schmidt and Haensch kind, 

it is necessary to use a light, slightly colored yellow by means 
of a cell of bichromate of potash more or less concentrated.” 

Dr. C. Fischma, member of the Board of Directors of the All- 
Russian Sugar Association, Kicbr, Russia, writes:

"We in Russia have no legal regulations concerning the use 
of bichromate of potash in sugar determination by polarizing. 
In the Association laboratory, however, a 5 per cent, solution 
of bichromate of potash is always used for the polarization o! 
white sugar because it makes possible much more accurate polari
zation. In the polarization of yellow sugars, massecuitcs and 
molasses this laboratory does not use this solution.”

Dr. Hugh Main, of London, England, writes:
“It is easier to read colorless solutions with a bichromate 

solution in the polariscope than without it and, therefore, I use 
it in testing the polariscope with pure sugar and retain it in 
position for all other polarizations.”

In defining the 100 point of the Ventzke scale, the Im perial 
Reichsanstalt of Germany and the United States B u re a u  of 
Standards have adopted the use of this light filter cell. I rcc- 
ommend, therefore, to this Commission the following resolution.

That where white light is used in polarizations, the same 
shall be filtered through a neutral bichromate of potash solution 
of such a strength that the per cent, composition multiplied by 
the length of column in centimeters be 9.1

A. H u g h  B r y a n
S C g a r  L a b o r a t o r y . B u r e a u  o p  C h e m i s t r y  

U. S. D e p t , o p  A g r i c u l t u r e

THE ANALYSIS OF UNSWEETENED EVAPORATED MILK.

Editor Journal o f the Industrial and Engineering Chemistry:
We have had considerable difficu lty in the fa t determination of

unsweetened evaporated milk by the Babcock method. To obtain 
good results directly on the milk, without modification in the ma
nipulation, is an impossibility. Working on the diluted sample 
does not give satisfactory results. The Gottlieb method gives 
fair results, but it has been shown2 that these results arc uni
formly low.

The method advocated by the Indiana Experiment Station 
in Bulletin  134 gives good results, but they are not always 
uniform, much depending upon the milk with which one is deal 
ing. The amount of acid, 17.6 cc., given in the method is too 
much in many cases.

1 The Commission unanim ously adop ted  th is  resolu tion  S e p te m b e r  10. 
1912. a t  its  M eeting in New Y o rk  C ity.

2 Ind iana E xpt. S ta ., B ull. 134.
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The following method, we have found, gives uniformly good 
results on all kinds of unsweetened evaporated milk.

I . MIXING THE SAMPLE
The sample is mixed by shaking, pouring and stirring; some 

globules of fat persist in staying unmixed; by looking across 
the surface of the milk with the eye in such a position that the 
light is reflected to it from the milk, one can easily detect these 
small chunks of fat and see whether the sample is homogeneous. 
If these chunks of fat will not mix, warming slightly (not over 
40° C.) will help, or sometimes a sample will be met with that 
needs a very small pinch of caustic soda to aid in emulsifying

the *a t' I I . PAT
Weigh 4.5 grams of the well mixed sample into a 10 per cent. 

Babcock milk bottle. Add commercial sulfuric acid (sp. gr. 
about 1.8) of the same temperature, mixing the two with a 
whirling motion until a dark chocolate color is produced. From 
six to eight cubic centimeters of acid are usually necessary. 
Place the bottles in boiling water and heat for from fifteen to 
twenty minutes. Remove and let stand until nearly cold. 
Fill the bottle two-thirds full of hot dilute sulfuric acid (1 
volume of water to 1 volume of the concentrated acid), and mix 
well. Place in the centrifuge and whirl five minutes. Fill to 
ncck with hot half-strength sulfuric acid and whirl three minutes. 
Add hot water to bring the fat column into the ncck of the bot
tle and whirl two minutes* Read at 120° F. to 1250 F. from 
the bottom of the column to the extreme top of the meniscus. 
The reading multiplied by four gives the percentage of fat. 

NOTES ON THE m e t h o d
1. In the condensing process the casein becomes toughened 

so that it is extremely difficult to get it dissolved in the sulfuric 
acid. The heating in the bottle with the sulfuric acid, and sub
sequent standing, aids in this process. There is little danger 
of charring if the correct amount of sulfuric acid is added.

2. If hot water is added before whirling, in most cases a pre
cipitate forms which interferes with the determination. The 
addition of half-strength sulfuric acid prevents this.

3- Four and one-half grams were found to be the best amount 
with which to work. ’

4- The results obtained by this method have been very 
gratifying, giving uniformly good, clear readings that check well.

III. t o t a l  s o l i d s  
V̂eigh 1 gram of the well mixed milk into a: tared aluminum 

milt dish. Add 25 cc. of water and evaporate to dryness on 
the steam or water bath. Dry to constant weight in a steam 
or water oven.

This method was found more satisfactory than making up a 
'luted sample of known strength and obtaining the sample 
or solids from it. It is simple and easy to manipulate.

Kansas S t a t e  A g r i c u l t u r a l  C o l l e g e  1 U ^ T 1
Ma n h a t t a n , Sept. IS , 1912

THE DETERMINATION OF “VOLATILE” IN COAL

Editor of the Journal o f Industrial and Engineering Chemistry:

, ^Uc*1 'ntcrcsting and ingenious work has been done during 
e 1st two or three years on the determination of "volatile” 

u-1 coal. It seems to me that his work is mistaken in that it 
i t0 UP an inherently faulty method. The follow- 
n<i etcrininations illustrate the weak point in the method.
^  ese determinations were all made by the ‘‘ official” method 

CCP| that the flame was protected, and a Tyrell burner and a 

In°â  tr*an̂ e w^b projections were used. 
e\erv case the flame was over 20 cm, in height and a good 

011 â,nC' *n ,̂T°- 2 a Fletcher burner was burning
foreXoSamC â3 35 tllc determination but was put out be-
"ere ' '"** startec*' lbc regulators of gas and air on the burner 

Here ? same Position in each case, 
comni -,arC 1 num̂ er °f analyses made with ordinary care, all 

, excePt as noted, with official directions and yet 
taut Chemist K ansas S ta te  B oard  of H ealth .

t h e r e  is  a  v a r i a t i o n  o f  1.58 p e r  c e n t ,  b e tw e e n  th e  h ig h e s t  a n d  th e  
lo w e s t .  A r u l e  s h o u ld  b e  s o  e x p r e s s e d  t h a t  if  i t  is  fo llo w e d  g o o d  
r e s u l t s  must fo llo w . I t  is  n o t  e n o u g h  t h a t  g o o d  r e s u l t s  may 
fo llo w . I t  is , to  s a y  th e  l e a s t ,  c o n c e iv a b le  t h a t  t h e r e  w o u ld  b e  
g r e a t e r  d i f f e r e n c e  o f c o n d i t io n s  in  a n y  tw o  g iv e n  l a b o r a to r i e s  
t h a n  p r e v a i le d  in  m y  l a b o r a t o r y  a t  t h e  t im e  w h e n  th e  F l e t c h e r  
b u r n e r  w a s  b u r n in g  a n d  w h e n  i t  w a s  n o t .

Percen tage volatile

No. 1 Very little  g a s ................................................. J 20-90
( 21.20

No. 2 More gas th a n  No. 1..................................... i  20.95
( 21.41

No. 3 S light increase of gas over No. 2 j  21.10
(2 2 .1 7

No. 4 More gas th a n  No. 3 ..................................... j  2 1
( 21.65

No. 5 Sam e gas as No. 4— m ore a ir ....................  ( 2 2 .0 8
(2 2 .1 8

No. 6  B u rner pushed to  its  u tm o s t..................... J 22 .30
(2 2 .4 8

I n  m y  r e g u la r  w o r k  I  h a v e  a lw a y s  u s e d  a  t h r e e - t u b e  c o m 
p o u n d  b u r n e r  a n d  h a v e  n e v e r  h a d  a n y  d i f f ic u l ty  in  g e t t i n g  
r e s u l t s  a g r e e in g  w i th in  0.2 p e r  c e n t . ,  t h e  a v e r a g e  d if f e r e n c e  
b e tw e e n  d u p l i c a t e s  b e in g  0.1 p e r  c e n t .  B y  m y  m e th o d  t h e  
f o r e g o in g  c o a l  s h o w e d  22.67 Pcr c e n t ,  a n d  22.57 p e r  c e n t .  I  
h a d  a t t r i b u t e d  t h e  c lo se  a g r e e m e n t  o f m y  r e s u l t s  to  t h e  f a c t  t h a t  
a l l  t h e  c o a ls  w h ic h  c a m e  i n d e r  m y  o b s e r v a t i o n  w e r e  h ig h - g r a d e  
s t e a m  c o a ls ,  N e w  R i v e r  o r  P o c a h o n ta s .  I  n o w  b e l ie v e  t h a t  
m y  m e th o d  is , in  p a r t  a t  l e a s t ,  r e s p o n s ib le .

I t  is  n o t ic e a b le  t h a t  a s  t h e  r e s u l t s  a p p r o a c h  th e  l im i t ,  t h e  a g r e e 
m e n t  b e c o m e s  b e t t e r  a n d  i t  s e e m s  n o t  u n r e a s o n a b le  to  in f e r  
t h a t  i t  is  e a s ie r  to  g e t  r e s u l t s  w h e n  a l l  t h e  v o la t i l e  m a t t e r  is  
d r iv e n  o i l  t h a n  to  s to p  a t  s o m e  p o i n t  s h o r t  o f  t h a t  r e s u l t .

I  a m  a w a r e  t h a t  th e  p h r a s e  “ a l l  t h e  v o la t i l e  m a t t e r ”  s o u n d s  
lo o s e  a n d  u n s c ie n t i f ic ,  b u t  t h e  fo llo w in g  d e t e r m in a t io n s  s h o w  
t h a t  t h e r e  is  a  p o in t  n o t  e a s i ly  o v e r s te p p e d  to  w h ic h  t h a t  d e f in i 
t io n  m a y  b e  a p p l ie d .

T h e  s a m e  c o a l  w a s  h e a t e d  fo r  in c r e a s in g  l e n g th s  o f  t im e  a c 
c o r d in g  to  m y  m e th o d ,  wTi t h  th e  fo l lo w in g  r e s u l t s :

P ercen tage volatile 
( 22 .64

8 m m u te s ........................................................ *1 22.55
9 m in u tes .........................................................  22 .53

10 m in u tes ...............................................................22.85

A p p l ie d  to  a n  a n t h r a c i t e  c o a l ,  m y  m e th o d  g a v e  th e  fo llo w in g  

r e s u l t s :  P ercen tage volatile
( 5 .0 0

7 m in u te s ...........................................................  j 4 98

8 m in u te s  ............................................  5 .0 2
9 m in u tes .........................................................  5 .0 0

A p p l ie d  to  a  g a s  c o a l ,  t h e  r e s u l t s  w e re :
Percen tage  vo latile  

( 37.31
7 m in u tes .........................................................)  37 .48
8 m in u tes .......................................................  37 .58

T h e  s l ig h t ly  h ig h e r  r e s u l t s  w h ic h  m y  m e th o d  g iv e s  w e re  n o t  
d u e  to  e n t r a i n m e n t  o f  s o l id  p a r t i c le s .  B o t h  d e t e r m in a t io n s  

g a v e :  P ercen tage ash

Official m e th o d ................................................... 4 .4 0
In  sam ple h e a ted  te n  m inu tes ........................  5 .45

O n e  th in g  t h a t  h a s  b e e n  im p r e s s e d  o n  m e  d u r in g  th e s e  e x 
p e r im e n t s  is  t h e  d if f ic u l ty  o f  j u d g in g ,  a n d  c o n s e q u e n t ly ,  d e 
f in in g , th e  h e a t in g  p o w e r  o f  a  f la m e . I  d e t e r m in e d  th e  f i r s t  
c o a l ,  a  N e w  R i v e r  c o a l ,  a n d  th e  a n t h r a c i t e  w i t h  a n  o r d in a r y  
B u n s e n  b u r n e r  w h ic h  I  e x p e c t c d  w o u ld  g iv e  v e r y  low’ r e s u l t s .  

I  o b t a in e d  : Percentage volatile

New R iver coal................................................  21 .60
21.65

A n th rac ite .......................................................... 4 .75
4 .60
4 .85

I  t r i e d  d e t e r m in a t io n s  o n  th e s e  c o a ls  w i th  t h e  a d d i t i o n  o f
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kerosene, as suggested by Professor Parr,1 and obtained 22.67 
per cent, and 4.93 per cent., respectively. The addition of 7.6 
per cent, water did not affect the accuracy of ray results, but the 
addition of 22.8 per cent, water raised the percentage of vola
tile in the anthracite to 5.21 per cent, and 5.30 per cent., and 
in the New River coal to 23.00 per cent.

In view of the very limited number of coals at my disposal, 
I can only consider these figures as indications, but these indi
cations certainly arc that the rule for volatile determinations 
should be so altered as to compel the employment of sufficient 
heat. That an ordinary Bunsen burner does not give sufficient 
heat and that such an alteration in the rule would eliminate 
many sources of error.

I have spoken of heat. I do not know that my better results 
were ijot due to the fact that 
my crucible was well sur
rounded by reducing gases, 
but whatever the proximate 
causc, the ultimate cause was 
sufficiency of flame.

I am well aware that most 
chemists will hesitate to dis
card a process which has 
been in use so long, but any 
one who will take the trouble 
to read the modest disclaimer 
of the committee which sug
gested the method2 will, I 
think, agree with me that it 
would be better to make a 
drastic revision of the rule in 
the sense, say, “ heat at such 
a temperature that constant 
weight is reached in seven 
minutes,” than to continue in 
the old unsatisfactory rut or 
bother with petty details.

I assume, of course, that 
the indications of this work 
arc borne out in a more ex
tended field.

I believe that I have shown 
that the rule for determina
tion of volatile is not suffi
ciently explicit. The indica
tions arc that a more power
ful burner than an ordinary 
Tyrcll burner will give results 
a little higher, more concord
ant, and probably more sig
nificant. That the use of the 
larger burner makes the pres
ence of ordinary amounts of 
water a matter of indifference.
That the use of the larger burner obviates the necessity for the 

kerosene. That a determination with the larger burner 
requires ess care m regard to the time of the determination

fintCJ  Wr0tC.the forcS°>ng, Messrs. Fieldncr & Hall have 
published an art.clc on the "Influence of Temperature on the 
Detenmnat.on of Volatile Matter in Coal" in the Proceedings 
of the Eighth International Congress of Applied Chemistrv 
I have not yet had a chancc to see this article *'

65 M k k r im a c  S t . ,  Lo w e l l , Ma s s . F r e d  C. W e l d
O cto b e r  15, 1912.

D r . C a r l  L .  A l s b e r g . N e w  C i h e f  o f  B u r e a u

1 T his J ournal, 3, 900.
1 J .  A m . Chem. Soc„ 21, 1116, et seq.

NEW CHIEF OF BUREAU OF CHEMISTRY 

Carl L. Alsberg has been appointed Chief of the Bureau ol 
Chemistry, United States Department of Agriculture, to succecd 
Dr. Harvey W. Wiley, resigned.

Dr. Alsberg was born in New York City, in 1877, and is tie 
son of Mcinhard Alsberg, a prominent chemist and one of the 
founders of the New York Chemical Society from which the 
American Chemical Society developed.

Carl L. Alsberg entered Columbia University in 1892 and 
received the degrees of A.B. (1896) and A.M. (1900); he also 
received the degree in medicine from the College of Physicians 
and Surgeons. During his residence in the medical school he 
became interested in biochemical research, and subsequently 
went abroad to study Pharmacology with Sclunicdeberg,

Physiological Chemistry with 
Hofmeister and Hospitalwork 
with Naunyn, all at Strass- 
btirg (1900-1902) and later 
spent a year at the University 
of Berlin under Emil Fischer 
and in plant physiology under 
Kny. One vacation was
spent at Frankfort a/M with 
Ehrlich, Edingcr and Noor- 
den, and another in clinical 
medicine with Kuttner, 
Piorkowski and others.

Since returning from Ger
many, Dr. Alsberg has 
served as Assistant in Physi
ological Chemistry in the 
Mcdical School of Harvard 
University (1902-1905); Sec
retary of the Scction of 
Physiological Chemistry' oi 
the International Congress ot 
Arts and Sciences, St. Louis 
Exposition; Instructor and 
Head of Department of Bio
logical Chemistry, Harvard 
Medical School (1905-1906); 
Faculty Instructor and Head 
of Department of Biological 
Chemistry, Harvard Medical 
School (1906-1908); Chemical 
Investigator of United States 
Bureau of Fisheries, investi
gating' food values of sea 
foods (summers 1906-190S); 
Chemical Biologist in charge 
of Poisonous Plant Labora
tory, Bureau of Plant In- 

o p  C h e m i s t r y  dustry, U. S. Department of
Agriculture (1908); Past Sec

retary and member of Council Boston Society of Mcdical 
Sciences; Chairman Section of Biological Chemistry of the 
American Chemical Society; Fellow of the American 
Association for the Advancement of Science. He is also 2 
member of a number of scientific societies including The Ameri
can Chemical Society, The American Physiological Society, the 
Society of Biological Chemists, the Society of Experimental 
Biology and Medicine, the Society of Pharmacology and Ex
perimental Therapeutics, the American Pharmaceutical Associa
tion, the W ashington Academy of Science; an associate member 
of the American Medical Association and the American Associa
tion of Cancer Research; and a member of the C orp o ra tio n  of 
the Marine Biological Laboratory at Wood’s Hole, Massa
chusetts.
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ELECTROLYTIC COPPER REFINING IN NORWAY

Consul General Charles Adams Holder, Christiania, stales 
that for several months a company at Aamdal, Norway, has 
been successfully extracting copper from the crude ore by an 
electrolytic process invented by Victor Hybincthe, a Norwegian 
engineer, who has patented the process in Europe and the United 
States. The Aamdal works have proved so succcssful that 
plans arc now under way for increasing the output to 3 tons of 
metallic copper per day.

The treatment, which is done at the mine and thus results 
in enormous shipping economies, consists in leaching the crushed 
ore with a solution of sulfuric acid which dissolves out the copper; 
a strong current of electricity is then passed through this solu
tion and the pure copper is precipitated.

Experiments with copper pyrites from the Orkla and Sulit- 
jelma mines, in which much foreign capital is invested, have 
been equally successful, and as a result will probably be treated 
by the Hybincthe process in the future. The ores were formerly 
shipped to Germany and Sweden, respectively, owing to their 
refractory character and to the lack of proper Norwegian re
duction works, but of late the Sulitjclma company has not been 
able to mine with any profit by this plan, owing to the low 
price of copper and the costs of transportation. The new pro
cess will, therefore, mean a great deal to the copper industry 
of Norway.

held in Milwaukee, March 25th to 27th, inclusive. The Council 
will meet on the evening of March 25th. The titles of all papers 
intended for the meeting should be in the hands of Secretary 
Charles L. Parsons, Box 505, Washington, D. C., by March 7th, 
or in the hands of the secretaries of the various divisions by 
March 5 th; otherwise they cannot find place on the program.

“ T H E  P R O G R E SSIV E  A G E ”  B ECO M ES “ T H E  GAS A G E ”

We note with pleasure the change indicated in the above 
title. The publishers are to be congratulated on this improve
ment since it is a step towards standardization of scientific 
current literature, both in size and name. The general appear
ance, composition, paper and printing of The Gas Age arc 
noticeably in advance of its predecessor.

GROWING USE OF AMMONIUM SU L P H A T E  IN CH INA

Vice-Consul Charles F. Brissel, Amoy, reports that for many 
years Manchurian bean cake has been extensively employed 
as a fertilizer in the vicinity of Amoy, but sincc 1903 the use 
of sulfate of ammonia has become more common. To use the 
bean cake the farmer must pound the large cakes to a dust 
which must be soaked in water for three days before it can be 
used. The sulfate of ammonia dissolves in water almost immedi
ately and thus can be used with greater facility. Of the two 
kinds of sulfate of ammonia, the pure white and the gray- 
reddish mixture having a strong odor, the latter is the kind 
used. Sulfate of ammonia is used in the Amoy district prin
cipally for fertilizing rice and sugar-cane fields. It is said to 
have four times the strength of the bean cake and to cost but 
three times as much, which, taken together with the added 
acility of application, creates a growing market. In 1903 

a trial shipment of 53 pounds was received at Amoy. The 
unports for 1911 were 7,000 long tons, and up to Octobcr 31st 
* e ports for 1912 amounted to about 9,000 long tons. The 
û y is 5 per cent. Sulfate of ammonia is imported in bags 

"eighing about 175 pounds.

\ice-Consul Raymond S. Curtice, Dalny, Manchuria, states 
t at the enormous output of the Fushun collieries is causing 

e owner, the South Manchuria Railway, no little anxiety, 
^ t c actual and probable demands do not justify the expecta- 
j10n l*lat thc>' '"'Ml equal the output. Accordingly the manu- 
acture of by-products has become a necessity. It is now pro- 

t0 Ĉ̂ 'n t*le manufacture of sulfate of ammonia and 
uccr ®as‘ ^ is claimed that 100 tons of Fushun coal can 
ucc 5 tons of sulfate of ammonia in addition to a large 

It is intended to put the sulfate of ammonia on 
which anCSC mar̂ e*" *a competition with the foreign variety, 
oj 'C _ t0'a*s about $5,000,000 a year. The competition will, 

ĉourse, practically drive the foreign products out of the 
of b ‘h ^  ^us'lun collieries will have an unlimited supply 

material and fuel. The gas will be used for the gcnera-
tlM of electric power.

AMERICAN CHEMICAL SO C IE TY  SPRING M EETING.

c Spring meeting of the American Chemical Society will be

O B IT U A R Y — A LF R E D  B E L L A M Y  A U B E R T

Professor Alfred Bellamy Aubert, one of the oldest members 
of the American Chemical Society, for thirty-five years 
professor of Organic Chemistry and head of the Department of 
Chemistry, University of Maine, died at his home, 118 East 62nd 
Street, New York City, November 12, 1912. He was born in 
New York of Alsatian parentage, in 1853. He received his 
chief undergraduate training at the Imperial Lyceum of Stras- 
burg; specialized in Chemistry, under Crafts, at Cornell Uni
versity, receiving the B.S. degree (1873) therefrom, and the M.S. 
degree (1874) from the University of Maine; engaged in chem
ical research, 1899-1900, Massachusetts Institute of Technology. 
Dr. Aubert was a frequent contributor to the Journal o f the A m er
ican Chem ical Society; Chem ical News; Am erican M onthly M icro
scopical Journal; Photographic Tim es; Chem ical Engineer; Le 
Diaiomiste; La revue generate de Chemie; and co-editor with 
Dr. Allen Rogers' of a work on Industrial Chemistry. Under 
special ruling he became a recipient of a Carnegie pension for 
teachers.

Intellectually and professionally, Dr. Aubert was strongly 
equipped, of keen insight, an artistic, accurate, rapid and re
sourceful laboratory worker and investigator. Broadly cul
tured, philosophic, a linguist, master of a dear, crisp yet pol
ished English, he was nevertheless unambitious and careless 
of his great gifts. For this reason, and from ill health, only 
his associates knew his real worth; also for these reasons his 
contributions to English and French journals in his special fields 
of Chemistry and Microscopy were, though occasional, all too 
few. Probably of most of his work he made no notes. Of some 
there were outlines, left unfinished, as was his latest projected 
book— “ The Microscope in Chemical Analysis and Research.” 
His ‘‘ Industrial Chemistry,” of which he was the originator, 
associate editor and partial author, long projected, delayed, and 
personally unrevised because of failing strength, was issued 
but shortly before his death. It was probably the first definitely 
planned, though not first- issued, of the recently appearing 
treatises in this chemical field, to embody the symposium-of- 
experts method.

In personality, Professor Aubert was as artless and open as a 
child, and evidenced a great and sympathetic heart, obvious 
to all who met him. For his intimate friends he had a passionate 
attachment which gripped them in unsevcrable bonds. Over 
his pupils his gentle sway was complete and time-enduring. 
For them his wide culture, accurate knowledge and enlivening 
scientific imagination were rich resources of profit and delight. 
To have met him was a privilege; to have known him was a 
life’s enrichment; to have sat at his feet was an abiding inspira
tion. “ We shall not look upon his like again.”

W. F. J a c k m a n
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BOOK REVILW5
A Handbook of Sugar Analysis. A practical and descriptive 

treatise for use in Research, Technical and Control Labora
tories. By C. A. B r o w n e , Ph.D., chemist in chargc of the 
New York Sugar Trade Laboratory- (formerly Chief of the Sugar 
Laboratory, U. S. Bureau of Chemistry, Washington, D. C., 
and Research Chemist of the Louisiana Sugar Experiment 
Station, New Orleans, La.). John Wiley & Sons, New York 
and London. 8vo. 977 pages, 200 figures. Cloth, $6.00 
net.

This unusually thorough and able treatise upon sugar analysis 
has been prepared by the author in recognition of the great 
expansion of knowledge of the subject within the past quarter 
century with the devising of instruments of greater accuracy, 
the improving of old methods and the discovery of new ones. 

The range of sugar analysis is so broad that in the selection
of methods the author has been guided by his own experience_
a very extended one— in various research, technical and control 
laboratories.

Iu order to correct the tendency of inexperienced workers to 
make general use of methods having only limited applicability, 
the author has included with the description of each method a 
brief account of its applicability and limitations.

A rather novel feature is the account in Part II of the sugars 
themselves, their occurrence, properties and methods of syn
thesis, which is often of use in determining their individuality. 
The practical nature of the book is indicated in the first chapter 
which immediately takes up the sampling of sugar and sugar 
products, discussing the best methods as well as the influences 
which affect the samples.

Ihe various methods of determining moisture are next taken 
up and very fully discussed, with thorough accounts of the 
apparatus employed and the derivation of formulas for specific 
gravity', temperature, etc.

An interesting chapter on the refractometer and its use in 
sugar analysis follows, which presents this recently developed 
method with thoroughness.

The next two hundred or more.pages deal with polarized 
light, polarimeters, saccharimctcrs, polariscope accessories spe
cific rotation of sugars, methods of simple and of invert or double 
polarization as well as special methods of saccharimetry The 
wealth of material gathered here is great and its ready 
applicability very satisfactory. In the miscellaneous phys
ical methods as applied to the examination of sugars arc in 
teresting discussions of viscosity, specific heat of combustion 
osmotic pressure constants and displacement of freezing and 
boiling points. All these arc treated mathematically as arc all 
the other topics requiring such elucidation, and this will be found 
one of the most appreciated features of the work, placing the 
discussions on the highest plane of scientific treatment The 
author says that probably no other class of organic compounds 
gives such a variety of reactions or forms so large a number of 
chemical derivatives as the sugars, and he proceeds to describe 
the many reactions of use in identifying the sugars, generically 
and individually. Eighty pages are next devoted to the re
duction methods for determining sugars, with great detail as 
to reagents and manipulation, variations due to many causes 
¿ 5 “  matter of importance in the analytical methods 
described. Another chapter dcscribcs methods for the quanti 
tat.ve determination of pentoses, etc., the fermentation methods 
of determining sugars, the various colorimetric methods and 
methods °f determining sugars by weighing as hydrazones and 
osazones. Combined methods and the analysis of sugar mix
tures are treated with formulae, tables, examples and explana-

tions. This is one of the most exacting fields in sugar analysis 
and will be found very well set forth.

Under miscellaneous applications are considered the routine 
analyses of sugar factory products not previously dealt with, 
□s ash, quotient of purity, extraction of juice from cane and 
beet, acidity and alkalinity, as well as methods for determining 
crystal contents giving preference to that of Koydl. Starch, 
dextrine and malt extracts analyses are briefly considered as 
well as maple sugar and syrup, fruits products and honcv. 
The author usually indicates the most reliable of the methods 
given, with reasons for its preference.

The second part of the work, two hundred and sixty pages in 
extent, is devoted to a discussion of the occurrence, methods of 
preparation, properties and principal reactions of the thirty or 
more sugars which have been isolated from plant and animal 
substances and of their many allied derivatives. Beginning 
with the classification of the sugars and their formation in nature, 
the author explains the optical activities of the asymmetric 
carbon compounds. The various monosaccharides are next de
scribed with especial attention to Araban, xylose, fucose and 
rhodcose before taking up very fully, as their importance de
serves, the hexoses including the glucoses, mannoses, starch, 
pectins, galactoses, etc.

Under the disaccharides, of course, sucrose occupies the place 
of prime importance and its physical, chemical and biological 
properties are carefully discussed in considerable detail. The 
action of enzymes on sucrose constitutes not the least interest
ing feature of this chapter. Maltose, representing like sucrose, 
important manufacturing interests, receives detailed considera
tion and lactose is not far behind in this respect.

The trisaccharides and tetrasaccharides are principally rep
resented by raffinose, and stachyose, the former of which comes 
in for extended attention.

The amino sugars, of considerable theoretical interest, be- 
cau e of their forming one of the connecting links between the 
carbohydrates and the proteids, are described, as well as the 
cycloses, which are widely distributed in nature and form a 
connecting link between the sugars and the aromatic benzole 
ring derivatives. Inositcs and quebrachite are interesting 
members of this group.

In the closing chapter of this encyclopedic book the author 
briefly describes the alcohols and the monobasic and dibasic 
acids which are derived from the sugars by reduction and by 
oxidation and which are constantly found associated with them 
in nature.

Following the text are twenty-five tables, occupying a hundred 
pages, such as are most generally useful in sugar laboratories. 
These tables are also published separately for the convenience 
of those who wish to make frequent use of them in practical 
work.

One of the interesting features of this book is the considerable 
amount of the author’s original work evinced throughout the 
volume. His study of moisture absorption and loss by differ
ent grades of commercial sugars, his method of vacuum drying 
and the details of his carefully elaborated arrangements for 
constant temperature work are all of very practical value. 
His methods for determining dextrin and commercial glucose 
in honey and his formulae for analyzing sugar mixtures are 
admirable evidences of the author’s able handling of these 
intricate questions.

Indeed the entire work is greatly to be commended for its 
depth and thoroughness, and although it occupies nearly a 
thousand pages it is concise and to the point throughout. The 
The book is a mine of useful information to all those in any wa)
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interested in the sugars or'any of the allied substances. It is a 
classic of its kind that will always occupy a preeminent place in 
sugar literature. The hundreds of excellent illustrations add 
greatly to the text and arc quite in keeping with the high char
acter of the volume in all other respects. W. D. H o r n e

Comparative Fuel Values of Gasoline and Denatured Alcohol 
in Internal Combustion Engines. By R. M. S t r o n g  a n d  
Ladson St o n e . Bulletin 43, Department of the Interior, 
Bureau of Mines. 236 pp. July, 1912.
Under the terms of the act establishing the Bureau of Mines, 

the Bureau interprets its vocation to include the investigation 
of the liquid fuel resources of the country both with respect 
to geological conditions and to economic use, and accordingly 
a series of tests were conducted in great detail on the use of 
gasoline in small engines, 10 to 15 11. p., and the results are 
compared with their performance on alcohol as a possible com
petitor of gasoline. It is the results of these tests that are 
reported in this bulletin, Which contains detailed information 
and conclusions drawn therefrom, so presented as to constitute 
a valuable addition to the literature on the subject. The 
cost of these investigations, undoubtedly very high, would be 
an interesting consideration especially as there is serious doubt 
as to whether any commensurate benefit will follow, for without 
questioning the scientific value of the data, it is believed that 
it will have practically no influence on either the construction or 
use of these engines or on the economical relations of gasoline 
to alcohol as sources of fuel supply. Some of the more important 
conclusions are abstracted below but these give but an inadequate 
idea of the report, which should find a place in the library of 
every engineer and chemist.

The low heating value of completely denatured alcohol 
averages 10,500 B. T. U. per lb. or 71,900 B. T. U. per gallon, 
while the corresponding values for gasoline of specific gravity 
0-71 to 0.73 are 19,200 B. T. U. per lb. and 115,800 B. T. U. 
per gallon. Comparing them, the low heating value of one 
lb. of alcohol is approximately 0.6 of that for gasoline. One 
lb. of gasoline requires approximately twice as much air for 
complete combustion as is required by alcohol, so the heating 
'alue of r cu. ft. of explosive mixture of alcohol-vapor and 
air, m combining proportions, is approximately equal for gasoline 
air as for alcohol air at about 80 B. T. U. per cu. ft., standard, 
he compression that such mixtures will stand without self- 

ignition in the cylinders of the small four-cycle engines are 70 
'• per sq. in. above atmosphere of gasoline, and 180 lbs. for 

a 00 ol, and in all cases the maximum fuel economy corresponds 
to the use of these maximum available compressions.

The gasoline engine operating on the maximum available 
compression of 70 lbs. per sq. in. will when operated at the same 
compressions of alcohol give an’ increase of 10 per cent, of the 
Power o\er that obtained from gasoline, but when the compression 
!̂ c ani>cd to the 180 lbs. per sq. in. which the alcohol will 

“ , the engine will, on that fuel, give 30 per cent, more horse- 
val^f"1211 "*lcn opened on 70 lbs. per sq. in., the limiting 
n] **? or Ŝ oline and on gasoline. With alcohol fuel and the 

expression Pressurc of 180 lbs. per sq. in maxi- 
m explosion pressures reach between 600 and 700 lbs. per 
•«-.which is greater than small gasoline engines are ordi- 

use of i"'110 " 't*lstand. indicating that for the most economical 
structio °' k‘Sher compressions are needed and heavier con-
Mgines°a *>C rcrlu'rcc* than is provided in existing gasoline

Th
enginesC0Il5Umi,t'0n ûe' Per *lour Per H- p- f°r these small 
line are at compressions ordinarily used for gaso-
linc , c rati0 of 3 to 2 for alcohol as compared with gaso- 
Pr̂ ssion th Cn CaC*1 ûe' 's uscc' at its maximum allowable com- 
is about h° V°1Unietric consumption of fuel per hour per h .  p. 

e sanie for alcohol and gasoline and averages about

one pint at the rated load which is ordinarily 75 per cent, to 
80 per cent, of the maximum. To secure the best consumption 
of either fuel at any load requires a hand adjustment of mixture, 
and time of ignition for each change, and without hand adjust
ment, engines operated by throttle governors can double their 
fuel consumption on ‘/3 load. The best fuel consumption found 
on engines of 10 to 15 h .  p . are for gasoline 26 per cent and 28 
per cent, on compressions of 70 and 90 lbs. per sq. in. respectively. 
For alcohol, efficiencies are 28 per cent., 39 per cent., 40 per cent, 
for compressions of 70, 180 and 200 lbs. per sq. in., indicating 
a slightly superior efficiency for alcohol over gasoline at the 
same compression, 28 as compared with 26 per cent, at 70 lbs.

The addition of water to explosive mixtures of gasoline vapor 
and air docs not change the specific consumption for gasoline 
per hour per h .  p . but does decrease the h .  p . up to an amount 
of water equal to that of gasoline by weight. The allowable 
compression pressure is at the same time raised to about 140 
lbs. from 70 lbs. without preignition. Introduction of water 
with denatured alcohol in quantities up to 50 per cent, increases 
specific fuel consumption a small amount and decreases the 
horsepower.

• The report contains detailed information on the chemical 
and physical properties of gasoline and denatured alcohol as 
fuel and the apparatus and methods used in the test with the 
details of procedure and the conduct of test and conclusions 
of a technical character on the variables that control economy, 
efficiency, time of ignition and character of spark, jacket water 
temperature, engine speed, load variation, water addition to 
fuel and decrease of compression on the performance of the 
machine.

It is proposed in the future to carry out similar tests on the 
use of heavy fuel oils in internal combustion engines and on the 
performance of the oil gas producer. The probable cost of 
proposed tests might be presented to representatives of the 
industries concerned, for discussion as to the justification for 
the expenditure compared with the beneficial effects that may 
be expected to follow. C. E. L ucre

Textbook of Chemical Technology and Metallurgy, prepared by 
the cooperation of distinguished specialists, edited by Dr. 
Bernhard Neumann, published by S. Hirzel, Leipzig. (Ger
man.) 8vo. Price, $5.00.
Since the title clearly indicated the character of this work, a 

textbook of Chemical Technology, we should not expect more 
than a general survey of the field of industrial chemistry and 
metallurgy. The authors cannot give more than the salient 
points in connection with each industry, including a few sta
tistics to give an idea of the magnitude and of the growth of 
that particular line of chemical manufacture.

Accepting this work of Neumann and his collaborators in 
the above light, we have a book that comes up to the specifica
tions in every respect, and in many chapters the development 
of the subject gives us more than we have a right to expect in 
a work of this character and scope.

Some idea of the space devoted to each of the various in
dustries can be obtained from the following, selected at random
as showing some of the smaller as well as some of the larger
lines of chemical manufacturing: Sulphuric acid 25 pages,
coke 10, acetylene 11, soda 29, chlorine 25, iron and steel 39, 
petroleum 11, rubber 18, glue 4, sugar 32.

The topics discussed, include: Water supply and disposal
of waste effluents from factories, liquid air, oxy'gen, ozone and 
acetylene, fuels and illuminants, 114 pages; Salt, potash, soda, 
mineral acids, chlorine by Weldon and electrolytic methods, 
ammonia and cyanide compounds, 158 pages; Aluminium and 
compounds, magnesium, calcium, and barium compounds, per
oxides and per salts, fertilizer chemicals, mortar, stoneware and 
porcelain, glass, 131 pages; Iron, steel and nonferrous metals,
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139 pages; Explosives, petroleum, asphalt, coal tar and wood 
products, 67 pages; Fats, glycerine, and soaps, 34 pages; Rubber, 
glue, and leather, 34 pages; Sugar, starch, dextrine and the fer
mentation industries, 105 pages; Cellulose and artificial silk 
14 pages, and finally, the textile fibers and dycstuffs, 48 pages.

A criticism that is too often applicable to books of this class, 
that the practice is out of date, cannot be made of the volume 
before us. One looks carefully for any omissions in connec
tion with the latest developments of chemical industry and 
finds that the authors have informed themselves of the latest 
methods in all countries. A possible exception to the fore
going statement might be made with reference to petroleum 
distillation as modified by American conditions.

In this admirable work, one can find very little to criticize, 
if the intent of the authors is kept in mind, that of writing a 
textbook of general information on industrial chemistry and 
metallurgy. It might be said that the space devoted to the 
Talbot process of steel manufacture (six lines) is too short. 
In like manner, we should like to have seen more than a page 
devoted to alloy steels and their applications, the development 
of which has certainly produced a marvelous group of new ma
terials for the modern industrial world.

The more important chapters conclude with statistics, which 
arc in most cases brought down to the close of 1910, and which 
also show the production by countries.

T h e  w o rk  c o m p ris e s  890 p a g e s , w ith  398 c u ts  a n d  fiv e  p la te s .  
AH o f  th e  f ig u re s  a r e  u p - to - d a te ,  a n d  in  th is  c o n n e c t io n  i t  is  
c e r t a in ly  a  re l ie f  to  fin d  t h a t  th e  o ld  c u ts ,  so  lo n g  fa m il ia r  
b e c a u s e  th e y  w e re  c o p ie d  b y  g e n e r a t io n  a f t e r  g e n e r a t io n  o f 
te x tb o o k  w r i te r s ,  h a v e  b e e n  re p la c e d .  J .  H .  J a m e s

D ie  Synthese d es Kautschuks. R u d o l f  D i t m a r ,  Inhabcr des 
Kautschuk-Laboratoriums und dcr Kautschuk-Chcmischule 
in Graz. 1 2 4  + vii pages. Dresden and Leipzig: Verlag 
von Theodor SteinkopfT, 1 9 1 2 .

This little book sketches briefly the work that has been done on 
synthetic rubber up to 1 9 1 2 . The matter is divided as follows:
I .  The Constitution of Rubber ( 2 3  pp). I I .  Synthesis of
Rubber (9 pp). III. Preparation of Materials used in making
Synthetic Rubber (22 pp). IV. The most important patents 
granted and applied for (70 pp). As the author foreshadows 
in his preface, the activity in this field of industrial research 
is such that by the time a r£sum<J of this sort appears in print 
further progress will inevitably have been made. The mono
graph has been prepared primarily for the sake of those chemists 
not themselves actively engaged in this field. The work has 
been well done and will be read with interest.

T h e o d o r e  W h it t e l s e y

SoU Fertility and Fertilizers. By J a m e s  E d w a r d  K a l u g a n .
398 pp., 23 illustrations. The Chemical Publishing Co 
1912- Price, $3.50.

The preface states that “ this book has been written to be 
in rcach of the student, manufacturer, and other persons in
terested in the subject of fertilizers. Technical terms have 
been omitted as much as possible.”

The book is divided into sixteen chapters: the first treats 
of the chemical elements needed by plants, and the composition 
of plants including analyses of the principal agricultural crops.

Chapters II and III deal with the fertility of the soil and 
means of maintaining fertilitv.

Chapter IV takes up the question of farm manures and in
cludes much valuable information concerning the composition 
of the various kinds, value, manner of application, etc.

The remaining twelve chapters discuss the fertilizer question 
in all of its phases including a very complete description of

the different fertilizer materials, where obtained, method ot 
preparation, etc., tqgether with a large amount of information 
relative to their functions as bearing on the production of crops.

The subject is a large one considered in all of its bearings, 
but the author has succeeded in bringing together just such 
facts as will enable one to get a very clear understanding of the 
usually accepted views concerning soil fertility and the composi
tions and functions of fertilizers. The volume is replete with 
tabulations and statistics which include valuable data concern
ing the analysis of fertilizers, farm crops, formulae, valuation, 
etc., which makes it valuable as a general reference book. The 
data is compiled from reliable sources, and excellent judgment 
has been used in selecting just such information as will appeal 
to those interested in the subject. The whole wook is a useful 
one as a general treatise on the subject.

F. B. C a r p e n t e r

Das Hydrosulfit. B y  D r .  C a r l  J e l l i n e k .  2 parts, 8vo., 

pp. vi 4- 188 and viii + 230 . Stuttgart, 1 9 1 1 .  Ferdinand 
Enke. Price, Part I, 1 .2 0  M.; Part II, 1 .50  M.

These two monographs form portions of what might be termed 
a treatise 011 chemistry, a volume of which is issued each year 
by Prof. W. Herz, of Breslau.

The first part of the present treatise deals with the pure 
chemistry of hydrosulphurous acid and its various salts and 
compounds. The physical chemistry of the subject is al$o 
elaborated at considerable length, and with a thoroughness 
distinctly German in its academic treatment. The second 
part deals with the preparation and technical chemistry of the 
various hydrosulpliite compounds, and the methods for their 
analysis.

Whereas the purely chemical side of this subject is treated 
by the author in an excellent manner, the technical part is dis
missed somewhat negligently, showing that the author in this 
part did not have a good grasp of his subject. In fact the tech
nical matter consists principally of a collection of patents, 
with all the indefinite verbosity of legal style. As the hydro
sulphites are principally interesting by reason of their technical 
applications, it is to be regretted that the author did not better 
develop this side of the subject. As a study in pure chemistry, 
however, the book is exceedingly interesting.

A very good bibliography of the subject is also furnished, 
as well as a complete list of patent titles relating to the manu
facture and use of hydrosulphites. J. M . M a tt h e w s

The Analysis of Paint and Varnish Products. By C l i f f o r d  

Dyer H o l l e y ,  M.S., Ph.D. First Edition. Small 8vo. viii + 
292 pp. John Wiley & Sons, New York. 1 9 1 2 .  Price,$2-5°- 

In the earlier work, “The Analysis of Mixed Paints, Color 
Pigments and Varnishes” by Holley and Ladd published in 1908, 

is to be found a large part, probably the major part of the 
subject matter of the present volume. In some cases the matter 
is quite identical. There is, however, a considerable propor
tion of new matter and as a whole it furnishes a valuable work 
of reference to one engaged in the analysis of paints and varnishes. 
It is to be regretted that so little space is given to China Wood 
Oil which is at present one of the most interesting materials 
entering into the composition of paints and varnishes. Prob
ably each manufacturer of paint or of varnish will find about 
this volume a different point to criticizc as not in accord with 
his own ideas of the proper methods of testing such products, 
but the work sets forth with a fair degree of completeness the 
present state of this art as most ( .a n a ly sts  come in contact with 
it. The references to original articles are, however, not nearl) 
as frequent or as complete as the reviewer thinks they should be-

P a r k e r  C . M c I lhin'E '
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B y D. D. B e r o l z i i e i m e r ,  L ibrarian , C hem ists’ C lub, New Y ork .

Ceramic Chemistry. By H . II . S t e p h e n s o n .  8 vo. Price, S I .50. Davis • 
Bros., London.

Chemical Industry  of th e  W o r ld , D ire c to ry  of th e .  2nd edition. 
L. 8vo. 1200 pp. Price, $5.00. Union D eutsche Verlagsgesellschaft, 
Berlin. (German.)

Coal-tar and A m m o n ia , T h e  I n d u s t r y  o f. By G. L u n g e  a n d  H. 
K oehler. Vol. 2. 5th  edition. 8 vo. 1516 pp. Price, $12.00. F .% 
Viewcg & Sohn, Brunswick. (German.)

Coke, The M anufacture o f, a n d  th e  B y -p ro d u c ts  f r o m  t h e  D i s t i l l a 
tion oi Coal. By A. S a y .  8 vo., Price, $3.50. D unod & P ina t, 
Paris. (French.)

Cyanide Practice. By II. W . M a c F a r r e n .  8 vo., 291 pp. Price, 
S3.00. McGraw-Hill Book Co., New Y ork.

Electrochemical In d u s try  o f F ra n c e .  (T ranslation .) By M. R.
Pitaval. 8vo. Price, $2.25. W ilhelm  K napp , Halle. (G erm an.) 

Electrochemistry, T he  P r in c ip le s  o f. B y  A . J . A l l m a n d .  8 v o .
527 pp. Price, $4.50. Edw ard A rnold, London.

Electroplating. B y W i l l ia m  R . B a r c l a y  a n d  C e c i l  H .  H a i n s w o r t h .
8vo. 381 pp. Price, $2.00. E dw ard  A rnold. London.

Elements, Detection, D e te r m in a t io n  a n d  S e p a ra t io n  of t h e  C h e m 
ical. I. By A. R u e d i s u e l e .  8 vo. Price, $6.00. M ax Drechsel, 
Berne. (German.)

Essential Oils: Scientific  a n d  I n d u s t r i a l  B u l l e t i n ,  R o u re  B e r t r a n d ,  
Fils; Oct., 1912. Sm. 8vo. 1 91pp . R oure B ertrands, Fils, Grasse.

Food: American P u re  F o o d  a n d  D ru g  L aw . B y J a m e s  W e s t e r -  
v elt. 8vo. 1535 pp. Vernon Law Book Co., K ansas City.

Food Industry, The. B y  K . v o n  B u c i ik a .  Vol. 2. 8 vo. Price, 
$15.00. Akademische Verlagsgesellschaft, Leipzig. (G erm an.)

Fuels, Liquid, th e ir  P ro d u c t io n ,  C h a r a c te r i s t ic s  a n d  E x a m in a t io n .  
By L. Schmitz. 8vo. 168 pp. Price, $1.50. Ju liu s  Springer, Berlin. 
(German.)

History of Chem istry f ro m  t h e  E a r l i e s t  T im e s  to  t h e  P r e s e n t  D a y .
By James C am p b ell B r o w n .  8 vo. 543 pp . Price, $2.75. J .  & A. 
Churchill, London.

Industry, Chemical, B lu e c h e r’s  M a n u a l  lo r ..  8 th  ed ition, 1912-13.
L. 8vo. 1450 pp. Price, $3.75. F ranz  S iem enroth, B erlin. (G erm an.) 

leather Dyeing an d  P r e p a r in g .  (T ranslation .) B y M. C. Lamb.
2nd edition. 8vo. Price, $5.50. Ju lius Springer, Berlin. (G erm an.) 

Mine Fires and How to  F ig h t  T h e m . B y J a m e s  W . P a u l .  8 vo. 14 pp .
I . S. Bureau of Mines, Miners' C ircular 10.

Paper Pulp, Dyeing of. By J . E r f u r t .  3rd  edition. 8 vo. Price,
$3.75. Carl Hofmann, Berlin. (Germ an.)

Petroleum and K ind red  S u b s ta n c e s ;  V o l. IV . B y  H . v o n  H o f e r .  
3rd edition. Lex. 8 vo. 351 pp. Price, $3.75. F . Vieweg & Sohn, 
Brunswick. (German.)

Practical Chemistry, I n t r o d u c t io n  to .  B y F . B. A h r e n s .  2nd  edition. 
8\o. Price, $1.25. E rast H einrich M oritz, S tu ttg a r t.  (G erm an.)

Hating, Textile, The P r in c ip le s  a n d  P r a c t ic e  o f. B y  E d m u n d  
Knecht and J. B. F o t h e r g i l l .  8 v o .  604 pp. Price. $9.00. Chas. 
Griffin & Co., London.

Hefrictorles an d  F u r n a c e s .  B y  F . T . H a v a r d . S v o . 3 5 6  p p . P r ic e ,  
*•00. McGraw-Hill B o o k  C o., N e w  Y o r k .

“ tog, The M a te r ia ls  TJsed I n .  B y  W . F .  A .  E r m e n . 8 v o . 11 9  p p .

SmlT’ SUS' Constabl<; & Co., London.
™  t  A b atem ent a n d  C i t y  S m o k e  O r d in a n c e s .  B y S a m u e l  B.

Tech^ i 8V° 57 PP' U* B ureau Mines, B ulle tin  49.
0 osy, Chem ical, a n d  M e ta l lu r g y ,  T e x tb o o k  of. B y  B e r n -  

TextU i f UMANN- 8vo- Price. $ 5 .0 0 . S. H irzel, Leipzig. (G erm an.) 
e Design and Color. B y  W i l l i a m  W a t s o n .  8 v o .  Price, $ 2 .0 0 .

Wafers05’Gree” & C°M New York*
Pr a n d  Sew age  D is p o s a l .  B y  J .  T i l l m a n s .  8 vo.

ce, ,oo, \ \  ilhelm K napp, H alle. (G erm an.)

r e c e n t  j o u r n a l  a r t i c l e s

W 4 Chemistry i n  1 9 1 1 . B y  O t t o  H u e b n e r .  Chemiker Zeitung,

A llo t  V ' X°- I5 4 ' » •  '4 9 3 -1 4 9 5 .
^ .N o n - F e r r o u s ,  T e s t  B a r s  f o r .  B y  J e s s e  L . J o n e s . Transactions.

By
1912.

A t o t S  % ! " “ ?  01 MelaU' A d'-“ nc'  Copy, 1912, pp. 1-15.
'V Fr - r y ' P re s e n t S ta tu s  a n d  S ig n i f ic a n c e  o f.
v tsEN'IUS- Zeitschrift juer angewandte Cliemie, Vol. 25

Ä S 18'ZtiUchr t ’ D e te r m in a t io n  o f th e  D e g re e  o f. B y  C. P i e s t .

* •0»  Chemie‘ Vo1- 25' 1912, No. 49, pp. 2518-2522.
p r  1  e' ^ e  " L u m ln a to r ”  U sed  fo r  t h e  P r e v e n t io n  o f. B y

pp.
H . B a t e s .  Industrial

pp. 1544-1546.
M e th o d s  o f. B y  W i l l i a m  H . B l a o v e l t .

Cement1* Chemiktr ZciU int. Vol. 36, 1912, No. 148, pp. 1435.
«  ■ Portland, C o n s ti tu tio n  o f. B y  P .

Coke t ° U 6 ’ » « .N o .  51.
/ J ,  “ W lcture, New IV

^rial World, Vol. 46, 1912, No. 51, pp. 1516-1519.

C o lo rs  U sed  In  th e  C e m e n t P r o d u c ts  a n d  A r t i f ic ia l  S to n e  I n d u s t r i e s .
A n o n y m o u s .  Farben Zeitung, Vol. 18, 1 9 1 2 , No. 11, p p . 5 7 9 - 5 8 2 .  

C o n c re te , T e s ts  of W a te rp ro o f in g  fo r .  B y C l o y d  M. C h a p m a n .  I n 
dustria l World, Vol. 4 6 . 1 9 1 2 , No. 5 1 , p p . 1 5 0 4 -1 5 0 6 .

•

C y a n id in g  S lim e  O re b y  C o n t in u o u s  D e c in t a t l o n .  B y H . C. P a r m e -  

l e e .  M etallurgical atul Chemical Engineering, Vol. 1 1 , 1 9 1 3 , No. 1, 
p p . 2 5 - 2 8 .

E x p lo s iv e s ,  T h e  E n e rg y  o f. B y  W a l t e r  O. S n e l l i n g .  Proceedings 
of tlic Engineers' Society of W estern P ennsylvania, Vol. 2 8 ,  1 9 1 2 , No. 8, 
p p . 6 5 3 - 6 8 3  a n d  Engineering Record, \^>1. 6 7 ,  1 9 1 3 , No. 2 , p p . 5 4 - 5 5 .

F a t ,  T h e  D i s t i l l a t e s  o f W o o l. B y  J .  M a r c u s s o n  a n d  A .  v o n  S k o p n i k .

Z eitschrift fuer angewandte C hemie , Vol. 2 5 , 1 9 1 2 , No. 5 0 , p p . 2 5 7 7 - 2 5 8 0 .  

G a s, I l l u m i n a t i n g ,  In  i t s  H y g ie n ic  a n d  I n d u s t r i a l  R e la t io n s .  
B y  A d  S a m t l e b e n .  Z eitschrift fuer angewandte Chemie, Vol. 2 5 , 1 9 1 2 ,  
No. 5 1 ,  p p . 2 6 4 0 -2 6 4 9 .

G a s, I l l u m i n a t i n g ,  S o m e N o te s  o n  th e  P u r i f i c a t io n  o f. B y  R .  H .  

B u r d i c k .  A m erican Gas L igh t Journal, Vol. 9 8 , 1 9 1 3 , No. 1, p p . 1 -7 ,  
1 0 -1 3 .

L e a d  S m e l t in g ,  T h e  A c tio n  o f L im e  In  t h e  F l i n t s h i r e  P ro c e s s  of.
B y  C. O. B a n n i s t e r  a n d  A .  V. A t l b y .  Chemical W orld, Vol. 2 ,  1 9 1 3 , 
No. 1, p p . 9 - 1 1 .

L u b r i c a t in g  O il, P u r c h a s e  o f, b y  S p e c if ic a t io n .  B y  A .  D .  S m i t h .  

Proceedings of the Engineers’ Society of W estern P ennsylvania, Vol. 2 8 ,  
1 9 1 2 , No. 8 , p p . 6 8 4 - 7 2 2 .
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1 9 1 3 , No. 1, p p . 5 - 1 4 .
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and is conveniently made by closely wrapping two or more lay
ers of strong asbestos twine on the tubes. An opening through 
the cover i  at its center gives access to the sodium chamber 
and to the cathode cavity  through the nipple c ' and is normally 
closed by the plug i'. Other openings through the cover into 
the chlorin chamber are provided for feeding in salt and lor 
breaking up salt crusts if any form. The chlorin is drawn 
out through the stack 0, a slight suction being preferably main
tained. The crucible m ay be quickly emptied when desired 
through the tap-hole m.

a polygonal anode and also form the sides of the crucible.
B y limiting the height of the anode a protective layer of 

salt may be maintained over the top, preventing oxidation and 
disintegration of the carbon.

The cathode c is made of cast iron. Surrounding the cathode 
at a point above its entry through the casing is a water-cooled 
coil, d, which serves at once to prevent leakage of electrolyte 
and limits the activity of the cathode which otherwise would 
be progressively downward. This coil is embedded in the cruci- 

f/c 2. ble bottom as shown and
also tends to maintain 
the integrity of the latter 

pl/i' by its cooling effect. A
nipple, c', in the top of the 
cathode r e c e i v e s  t h e  

i   ̂ molten metal as its level
r 'scs t h e . sodium

ip® » chamber and directs its 
£ 3  ~Y. , jr—j: course so that it will drop

cathode cavity and fall 
into the receiver c, from 
whence it may be tapped 

^  V  a t intervals through tap-

The sodium is collected 
within the water-cooled and salt-incrusted “ curtain”  g, 
which dips below the electrolyte and divides the space 
above it into a “ sodium-chamber”  and a “ chlorin 
chamber:”  g is in no sense a “ pole cell”  as it is kept 
totally inactive by  the layer of chilled salt, n, maintained thereon

RLCE.NT INVENTIONS
By C. L . P a r k e r , Solicitor of Chemical Patents, McGill Building, W ashington , D. C.

Light Metals, Notably Sodium. Seward, von KUgelgen & von 
Bidder, Nov. 5, 1912. U. S. Pat. 1,043,154. The purpose of 
this process is to produce sodium directly by the electrolysis 
of sodium chlorid. In the apparatus shown, current is led 
through the casing a by means of graphite pencils, b', which 
are connected with graphite plates, b, which fit together to form

through the cooling action of the water circulating within the 
"curtain.” The “ curtain” is made of two separate coils of 
copper tubing which are first covered with a solid insulating ma
terial before the layer of chilled salt is applied. Such a pre
liminary coating will act as an extra insulation in case the 
layer of salt becomes too thin through irregularities in the ran
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and, in some cases, can also be used even when a sub-chlorid 
forms, as is the case with titanium chlorid.

In the use of the process applied for example, to boron chlorid, 
pure dr)' hydrogen is employed as a reducing agent and as a 
means for effecting the nccessary temperature, and an electrical 
arc is maintained between suitable electrodes. The apparatus

is so arranged that the arc blast drives the solid reduction prod
uct, namely, boron, out, of the active zone and deposits it on 
the walls of the apparatus and on the electrodes. This is the 
only solid product present; the three other substances, boron 
chlorid, hydrogen and hydrochloric acid, being all gaseous, are 
allowed to pass on to an absorbing or condensing chamber.

The functions of the arc in removing the solid reduction prod
uct from the heated zone will be understood by appreciating 
that the emanations from the cathode spot move at high velocity 
and start the solid reduction productions at high velocity, 
without doubt very much higher than that of the slow moving 
gas.

Ethyl Alcohol from Sulfite Liquor. Gosta Ekstrom, Dec. 3, 
■912. tJ. S. Pat. 1,046,160. The patentee’s improvement con
sists in adding urine to the waste sulfite liquor to be fermented 
for the production of ethyl alcohol.

Treatment of the Residual Caustic Liquor Resulting from Di
gestion of Wood. J.M. Neil, Dec. 10, 1912. U. S. Pat. 1,047,132.
In this process caustic liquor is recovered from the residual 
caustic liquor by treating it with an alkali metal compound of 
an acid-forming metal in the presence of carbonic acid to pre
cipitate the organic matters present. The clear liquor is then 
separated, treated with ozone and causticized.

R̂egenerating Contact Masses. W. M. Kelsey, Dec. 17,1912.
• S- Pat. 1,047,236. In catalytic or contact processes for the

manufacture of sulfuric an- 
hydrid, the platinized contact 
mass, in time, loses its original 
efficiency in a large measure 
and needs to be regenerated.

In carrying out this pro
cess there is passed through 
the contact mass to be re
generated, a volatilized mix
ture of nitric acid and hy- 

K t drochloric acid, at such tem-
Mixtur̂  ^ at 1̂CrC no condensation while the volatilized
aC(j . ri\ 15 P^ing through the mass. The mixture of nitric 
acurrc r°Ĉ ?r'c acids is conveyed through the mass either by 
SO and ^ °r a current of burner gas (i. e., the mixture of 

heat̂ f0111̂ 0̂  t l̂c Proc*uct'on °f sulphuric anhydrid). 
isutili? h° a'r °r r*e burner gas, as the case may be,
acid em \ °  V0'at‘*‘ze ^  mixture of nitric and hydrochloric
purpose ^ temperature of 200° C. is feasible for the

ut lor the best results it is desirable to pre

heat either the air current or the burner gas current to 
from 450° C. to 500° C., or sometimes to even a higher tempera
ture. In practice the mixture (e. g., 20 quarts of water, 2 quarts 
of HNO3, and 4 quarts of HC1) is caused to fill the funnel and 
trap b, whereupon the blower for furnishing the preheated air 
or burner gas to the pipe B  is started; the whole mixture is 
added as fast as the small hole in the outlet of the tube a will 
permit.

Solid Compound of Nitric and Sulfuric Anhydrids. W. Schultze. 
Dec. 17, 1912. U. S. Pat. 1,047,576. This composition is a 
solid crystalline compound containing sulfuric and nitric acids, 
or, more precisely, their anhydrids, chemically combined to
gether. Mixtures of 
sulfuric and nitric 
acids are largely used 
for "nitrating,” and 
have hitherto been 
supplied to the trade 
in liquid form, and 
more or less diluted 
state— i. e., contain
ing water sufficient to 
completely hydrate 
at least one of the 
two acid anhydrids 
contained in the mixture.

In producing this composition sulfur trioxid gas is added to 
a mixture of concentrated nitric acid and concentrated sulfuric 
acid until a solution is formed from which crystals can be de
posited upon cooling, and the composition is allowed to cool.

Treatment of Starch. Neuberger and Bergh, Dec. 17, 1912. 
U. S. Pat. 1,047,831. In this process starch, in a powdered
form and containing moisture preferably in the amount usually 
contained in green starch, s j -  
is brought into contact 
with a body of live steam 
and dropped through the 
steam into a body of 
heated dry air below the 
steam. By this process 
the product is cooked in 
its owh moisture so as to Jj>{_ 
be wholly or partly gelat
inized, and it is then im
mediately dried so as to 
reduce the gelatinized par
ticles thrown down from 
the gelatinizing zone, thus 
fixing the particles in a 
hard, dry, gritty form. Following the drying of the particles, 
they are conveyed to a suitable disintegrator where they are 
broken to the desired degree of fineness and the starch is then 
ready for commercial use.

Purifying Coke. W. P. Simpson, Dec. 17, 1912. U. S. Pat. 
1,047,845. In this process carbon monoxid is introduced into 
the retort for the purpose of eliminating sulfur and sulfurous 
compounds from the carbonaceous material under treatment.

Phosphoric Acid from Mineral Phosphates. F. S. Washburn, 
Dec. 17, 1912. U. S. Pat. 1,047,864. Mineral phosphates arc 
ground, mixed with silica and carbon and heated to a fluid con
dition. The phosphorus gases driven off are mixed with air and 
the resulting phosphorus pentoxid dissolved in water.

Tanning Compound. J. H. McWhirter, Dec. 24, 1912. U. S. 
Pat. 1,047,968. Compositions containing alfalfa extract, gum 
gambier and sodium chlorid, singly or in mixtures.



M A R K E T  R E P O R T
AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS, ETC., FOR THE MONTH OF JANUARY, 1 9 1 3  

ORGANIC CHEM ICALS

Ether (U. S. P., 1900).

Oxalic Acid.

INO RG AN IC CH EM ICALS
Acetate of Lime (gray)....................... c.
Acetate of Lead (brown, broken).........Lb.
Alum (lump)..................................... ..
Aluminum Sulfate.............................. C.
Ammonium Carbonate, domestic......... Lb.
Ammonium Chloride, gray.................. Lb.
Aqua Ammonia (drums) 160............... Lb
Arsenic, white...........................  Lb.
Brimstone (crude, domestic)............... Ton
Barium Chloride............................... C.
Barium Nitrate...................................Lb.
Borax, crystals (bags)......................... Lb.
Boric Acid, crystals (powd.)................Lb.
Bromine, bulk.....................................Lb.
Bleaching Powder (35 per cent.)..........C.
Barytes (prime white, foreign).............Ton

20 7 . , @ 23
c 2.00 @ 2-15

167: , @ 1 7 7 ,
, Gal 2 .5 5 @ 2-57

50 @ 52
Gal 40 @ 42

2.65 @ 2.85

I0 7 a @ I°V 9
23 @ 27

.T,b. 9 7 , @ 9 7 ,
8 7 , @ 9

25 @ 35
14 @ 15

T,h 3 8 7 , @ 39
. T,b 44 @ —
. T,b 6 @ 7

2-75 @ 3 - o6
.Lb. 14 @ 20
.Lb. 8 7 , @ 9 7 ,
.Lb. # 8 7 , @ 19
• Lb. 7 7 s @ 8 7 s
.Lb. 1 -35 @ 1-45
Lb. 31 @ 33
C. 2.00 @ 2 i i

Lb. 5 7 , @ 5 7 ,
l.b, 35 @ 3 5 7 ,
Lb. 3 o 7 , @ 31

2.50 @
77, @ 

1-75 @
90 @

8 @ 
6 . 1 5  @

*■/, @ 
4 7 , @ 

22.00 @
1 . 6 5  

5
3 7 ,
7

25
1-35

@

Blue Vitriol. .Lb.
18.50

2.60
8

2.00
1-75

8 7 ,
67,
2'A
5 7 ,

22.50
1.70

57 ,
47 ,
7 7 ,

30
1.50

22.50

Calcium Chloride..............................  C
Chalk (light precipitated)...................Lb.
China Clay (imported)....................... Ton
Feldspar...............................................
Fuller’s Earth, powdered....................c.
Green Vitriol (bulk)..........................  C.
Hydrochloric Acid (18°).....................c.
Iodine (resublimed)......................... Lb
Lead Nitrate.................................  Lb
Lithium Carbonate.............................Lb
Magnesite (raw)................................. <j>on
Nitric Acid, 36°................................. Lb
Phosphorus.................................  Lb
Phosphoric Acid, sp. gr. 1.75............. Lb.
Plaster of Paris................................. Bbl.
Potassium Bromide............................Lb
Potassium Permanganate (bulk)........ Lb.
Potassium Cyanide (bulk) 98-99%__Lb.
Potassium Iodide (bulk).................... Lb.
Potassium Chlorate, crystals.............. Lb.
Potassium Nitrate (crude)..................Lb.
Potassium Bichromate, 50°................ Lb

5 7 , @ 5 7 ,
65 @ 90
4 @ 5

11.50 @ 18.00
7.00 @ 9.00

80 @ 85
55 @ 60

»•15 @ 1-55
3-05 @ 3.10

8 7 s @ 8 7 ,
65 @ 70

7-50 @ 8.50
3 7 s @ 4 7 ,

35 @ 90
2 1 7 ,  @ 2 5 7 ,

1.50 @ 1.70
35 @ 37

9 7 , @ 10
19 @ 24

2.60 @ 2.65
10 @ 1 0 7 ,
5 @
6 7 s @ 7

Quicksilver, Flask................................
Salt Cake (glass-makers1).....................C.
Silver Nitrate...................................... Oz.
Soapstone in bags................................Ton
Sodium Acetate.................................. Lb.
Sodium Chlorate.................................Lb.
Sodium Bicarbonate (English)............Lb.
Sodium Bichromate............................ Lb.
Sodium Hydroxide, 60 per cent...........C.
Sodium Hyposulfite............................ C.
Sodium Nitrate, 95 per cent., spot...... C.
Sodium Silicate (liquid).......................C.
Strontium Nitrate................................Lb.
Sulfur, Roll........................................ c.
Sulfur, Flowers (sublimed)................. C.
Sulfuric Acid, 6o° B........................... C.
Talc (American)................................. Ton
Terra Alba (American), No. 1.............C.
Tin Bichloride (50°).............................Lb.
Tin Oxide............................................Lb.
Zinc Chloride (granulated)...................Lb.
Zinc Sulfate.........................................Lb.

OILS, W A X E S , E T C .
Beeswax (pure white).......................... Lb.
Black Mineral Oil, 29 gravity...............Gal.
Castor Oil (No. 3)................................ Lb.
Ccresin (yellow)................................... Lb.
Corn Oil.............................................. c.
Cottonseed Oil (crude), f. o. b. mill Gal.
Cylinder Oil (light, filtered)................. Gal.
Japan Wax..........................................Lb.
Lard Oil (prime winter).......................Gal.
Linseed Oil (double-boiled).................. Gal.
Paraffine Oil (high viscosity).............. Gal.
Paraffine (crude 120 & 122 m. p.) Lb.
Rosin Oil (first run)........................... Gal.
Spindle Oil, No. 1...............................Gal.
Sperm Oil (bleached winter), 38°........Gal.
Steanc Acid (double-pressed)............. Lb.
Tallow (acidless).................................Gal.
Tar Oil (distilled)............................... Gal.

M E T A L S
Aluminum (No. 1 ingots)....................Lb.
Antimony (Hallet’s)............................Lb.
Bismuth (New York).......................... Lb.
Copper (electrolytic)........................... Lb.
Copper (lake)......................................Lb.
Lead, N. Y ......................................... Lb.
Nickel.................................................Lb.
Platinum (refined).............................. Oz.
Silver..................................................oz.

Tm............................................. '.'.'.'.'/.'.Lb.
Zinc.............

40.00 @
55 @
407, @

10.00 @
4 7 , @ 
8 7 , @
27, @
5 @

1.60 @
i  - 3 0  @
2.60 @

65 @
6 7 s @

1.85 @
2.20 @

85 @
1500 @

75 @
147 ,
52 
4 7 ,
2 7 ,

@

42 @
137, @ 
9 7 , @ 

12 @ 
5.80 @

37 Vi @ 
217 , @

9V ,@  
9 4  @
4 4  @
26 @
3 7 , @

3 4  @
18 @
72 @
97 , @

65 @
30 @

65
42

12.00 

5
9 Vi 
i
5 7. 

1.65

1.60

1-50
77,

2.15
2.60
1.00 

20.00

80

>4'/.
54
47,
27,

45
M
io1/.
22

5-s5
38
32
10

2S

37,
36
■9
74
io1/.
68

3'

.Lb.

257, @ 
9  @

2 . 1 0  @

1 6 . 3 0  @

i6 7 , @
4 . 2 0  @  

50
4 6 . 0 0

63
507,

7 . 2 0

26 

10

2.15
16.40

@ 4-30 
@  55

7 -3 °

F E R T IL IZ E R  M A T E R IA L S

Ammonium Sulfate............................C. 3.30 @ "*
Fish Scrap, domestic, dried.................Unit nominal
Blood, dried.......................................Unit 2.75 @ -
Tankage, high grade.......................... Unit 2.65 & 10
Bone, 41/, and 50, ground, raw.......... Ton 27.50. @
Potassium, "muriate,” basis £0%.......Ton 38.55 @ "
Phosphate, acid, 16 per cent...............Ton 6.75 @  7 00
Phosphate rock; f. o. b. mine:

Florida land pebble, 68 per cent......Ton 3.75 @ 4 00
Tennessee, 70-80 per cent............... Ton 5.00 @ 5 5°

Pyrites, furnace size, imported............ Unit o. 137, @
Castor meal........................................ unit nominal
Mowrah meal..................................... Ton 9.00 @ "


